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(3) Purified thermostable DMA polymerase obtainable from Thermococcus litoralis. 

(57) There is provided an extremely thermostable enzyme obtainable ton Thermococcus litoralis. The 
thermostable enzyme has a molecular weight of about 90,000 - 95,000 daltons, a hafMife of about 60 
minutes at 100°C in the absence of stabilizer, and a half-life of about 95 minutes at 1 00°C in the presence 
of stabilizer, such as octoxynoJ (TRITON X-100) or bovine serum albumin. The thermostable enzyme 
possesses a 3 , -5 # proofreading exonudease activity. The thermostable enzyme may be native or 
recombinant and may be used for second-strand cDNA synthesis in cDNA cloning, DNA sequencing, 
and DNA amplification. 
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FIELD OF THE INVENTION 

The present invention relates to an extremely thermostable enzyme. More specifically, it relates to a ther- 
mostable DNA polymerase obtainable from Thermococcus Htoralls- 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation-in-part of LLS. Application Serial No. 07/626,057 filed December 
1 1 , 1990, which is a continuation-in-part of U.S. Application 07/513,994 fled April 26, 1990. 

BACKGROUND OF THE INVENTION 

DNA polymerases are a family of enzymes involved in DNA repair and replication. Extensive research has 
been conducted on the isolation of DNA polymerases from mesophilic microorganisms such as E. coll. see, 
for example, Bessman, et aJ., J.Bid.Chem. (1 957) 233:171-177 and Buttin and Komberg J.BjoLChem . (1966) 
241:5419-5427. 

Examples of DNA polymerases isolated from EL cpj[ include E. cpji DNA polymerase I, Klenow fragment 
of E. art DNA polymerase I and T4 DNA polymerase. These enzymes have a variety of uses in recombinant 
DNA technology including, for example, labelling of DNA by nick translation, second-strand cDNA synthesis 
in cDNA cloning, and DNA sequencing. Sro Maniatis, et a!., Molecular Cloning: A Laboratory Manual (1 982). 
Recently, U.S. Patent Nos. 4,683,195, 4,683,202 and 4.800,159 disclosed the use of the above enzymes in a 
process for amplifying, detecting, and/or cloning nucleic acid sequences. This process, aunmoniy referred to 
as polymerase chain reaction (PCR), involves the use of a polymerase, primers and nucleotide triphosphates 
to amplify existing nucleic acid sequences. 

The DNA polymerases discussed above possess a 3' -& exonudease activity which provides a proofread- 
big function that gives DNA replication much higher fidelity than it would have if synthesis were the result of 
only a one base-pairing selection step. Bratlag, D. and Komberg, A., J. Biol. Cherru (1 972) 247:241-248. DNA 
polymerases with proofreading exonudease activity have a substantially lower base incorporation error 
rate when compared with a non-proofreading exonuciease-possessing polymerase. Chang, L.M.S., J. Biol. 
Chem. (1977) 252:1873-1880. 

Research has also been conducted on the isolation and purification of DNA polymerases from 
thermophiles, such as Thermus aquaticus. Chien, A., etal. J. Bacterid. (1976) 127:1550-1557, discloses the 
isolation and purification of a DNA polymerase with a temperature optimum of 80°C from T. aquaticus YT1 
strain. The Chien, et at, purification procedure involves a four-step process. These steps involve preparation 
of crude extract, DEAE-Sephadex chromatography, phosphoceflulose chromatography, and chromatography 
on DNA cellulose. Kaledin, et aJ. v Biokhymiyav (1980) 45.-644-651 also discloses the isolation and purification 
of a DNA polymerase from cells of T. aquaticus YT1 strain. The Kaledin, et at. purification procedure involves 
a six-step process. These steps involve isolation of crude extract, ammonium sulfate precipitation, DEAE-cel- 
tulose chromatography, fractionation on hydroxyapatite, fractionation on DEAE-ceilulose, and c hr om a to gr aphy 
on single-strand DNA-cellulose. 

United States Patent No. 4,889.818 discloses a purified thermostats e-DNA polymerase from T. aquaticus. 
Taq polymerase, having a molecular weight of about 86,000 to 90,000 daltons prepared by a process substan- 
tially identical to the process of Kaledin with the addition of the substitution of a phosphoceilulose 
c hr o ma tography step in lieu of chromatography on single-strand DNArceOulose. In addition, European Patent 
Application 025801 7 discloses Taq polymerase as the preferred enzyme for use in the PCR process discussed 
above. 

Research has indicated that while the Taq DNA polymerase has a 5*-3' pdymerase-dependent exonuo- 
lease function, the Taq DNA polymerase does not possess a 3'-& proofreading exonudease function. Lawyer, 
F.C., et af . J. Biol. Cherru (1989) 264:1 1 , p. 6427-6437. Bemad, A., etal. Cell (1989) 59219. As a result, Taq 
DNA polymerase is prone to base incorporation errors, making its use in certain applications undesirable. For 
example, attempting to clone an amplified gene is problematic since any one copy of the gene may contain an 
error due to a random misincoiporation event Depending on where in the replication cycle that error occurs 
(e.g., in an early replication cycle), the entire DNA amplified could contain the erroneously inco rporate d base, 
thus, giving rise to a mutated gene product Furthermore, research has indicated that Taq DNA polymerase 
has a thermal stability of not more than several minutes at 100°C. 

Accordingly, there is a desire in the art to obtain and produce a purified, highly thermostable DNA polymer- 
ase with 3'-5' proofreading exonudease activity, that may be used to improve the DNA polymerase processes 
described above. 
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SUMMARY OF THE INVENTION 



In accordance with the present invention, there is provided a thermostat)} nzyme btainabie from T. 
jtorajte which catalyzes the polymerization of DNA. The therostable enzyme obtainable from T. iitoraJis is a 

5 DNA polymerase which has an apparent molecular weight of about 90,000-95,000 daltons, a half-life of about 
60 minutes at 100°C in the absence of a stabiizer, and a haittife of about 95 minutes at 100°C In the presence 
of a stabilizer such as octoxynol (TRITON X-100) or bovine serum albumin. 

The DNA encoding the 90,000-95,000 daltons thermostable DNA polymerase obtainable from T. Iterate 
has been isolated and provides another means to obtain the thermostable enzyme of the present invention. 

10 The T. iftoralis DNA polymerase possesses proofreading exonudease activity. This is the first instance 
of an extreme thermophilic polymerase possessing this proofreading activity. As a result, T. ltoralis DNA 
polymerase has a much higher fidelity than a thermostable polymerase with no 3'-5' proofreading exonudease 
function, such as Taq polymerasa In addition, the T. Iftoralis DNA polymerase has a substantially greater ther- 
mal stability or half life at temperatures from 96°C to 1 00°C than the Taq polymerase. Finally, when used in 

is DNA replication such as the above-described PCR reaction, the T. Iftoralis DNA polymerase is superior to Taq 
polymerase at amplifying smaller amounts of target DNA in fewer cyde numbers. 

BRIEF DESCRIPTION OF DRAWINGS 

20 FIG. 1A - fe a photograph of the SDS-pdyacryiamide gel of example 1. 

FIG. 1B - is a graph showing the polymerase activity and exonudease activity of the proteins eJuted from 
lane 2 of the gel in Fig. 1 A. 

FIG. 2 - is a restriction site map of the Xba fragment containing the gene encoding the T. Iftoralis DNA 
Polymerase which is entirely contained within the Bam HI fragment of bacteriophage NEB 619. 
25 RG. 3 - is a graph showing the halMffle of the T. Iftoralis DNA polymerase and the Taq DNA polymerase 
at100°C. 

FIG. 4- is a graph showing the response of T. Iftoralis DNA polymerase and Wenow fragment to the pre- 
sence or absence of deoxynudeotides. 

FIG. 5 - is a restriction site map showing the organization of the T. iftoralis DNA polymerase gene in native 
30 DNA (BamHI fragment of NEB 619) and in EL coH NEB671 and NEB687. 

FIG. 6 - is a partial nucleotide sequence of the 14 kb BamHI restriction fragment of bacteriophage NEB619 
inclusive of the 1.3 kb, 1.6 kb and 1.9 kb Eco RI fragments and part of the Eco RI/BamHI fragment 

FIG. 7 - is a comparison of the amino acids in the DNA polymerase consensus homology region III with 
the amino adds of the T. Iftoralis homology island 111. 
35 RG. 8- are representations of the vectors 

FIG. 9 & pPR969 and pCAS4 and V174-1B1. 
FIG. 10 - respectively. 

FIG. 11 - is a graph liustrating the T. Iftoralis DNA polymerase variant constructed in Example VI lacks 
detectable 3to 5' exonudease activity. 
40 RG. 12 -is a nucleotide sequence of the primers used in Example HI. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred thermostable enzyme herein is a DNA pdymerase obtainable from T. Iftoralis strain NS-C 
45 (DSM No. 5473). T. Iftoralis was isolated from a submarine thermal vent near Naples, Italy in 1985. This organ- 
ism, T. Iftoralis, is an extremely thermophilic, sulfur metabolizing, archaebacteria, with a growth range between 
55°C and 98°C. Newer, et ah, Arch. Migobjoj. (1990) 153205-207. 

For recovering the native protein, T. jjtorafis may be grown using any suitable technique, such as the tech- 
nique described by Befldn, et at. Arch. Microbiol. (1985) 142:181-186, the disclosure of which is incorporated 
co by reference. 

After ceil growth, one preferred method for isolation and purification of the enzyme is accomplished using 
the multi-step process as follows. 

First the cells, if frozen, are thawed, suspended in a suitable buffer such as buffer A (10 mM KP04 buffer, 
pH 7 A; 1 .0 mM EDTA, 1 .0 mM beta-mercaptoethanol), sonicated and centrifuged The supernatant is then pas- 
55 sed through a column which has a high affinity for proteins that bind to nucleic acids such as Affigei blue column 
(Blorad). The nucleic acids present in supernatant solution ofT. iftoralis and many of the proteins pass through 
the column and are thereby removed by washing the column with several column volumes of low salt buffer at 
pH of about 7.0. After washing, the nzyme Is edited with a linear gradient such as 0.1 to 2.0 M Nad buffer A. 
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The peak DNA polymerase activity is diaiyzed and applied to phosphocedulose column. The column is washed 
and the enzyme activity eiuted with a linear gradient such as 0.1 to 1.0 M NaCI in buffer A. The peak DNA 
polymerase activity is diaiyzed and applied to a DNA cellulose column. Th column is washed and DNA 
polymerase activity is eiuted with a linear gradient of 0.1 to 1.0 M Nad in buffer A. The fractions containing 

5 DNA polymerase activity are pooled, diaiyzed against buffer A, and applied to a high performance liquid 
chromatography columm (HPLC) mono-Q column (anion exchanger). The enzyme is again eiuted with a linear 
gradient such as 0.05 to 1.0 M Nad in a buffer A. The fractions having thermostable polymerase activity are 
pooled, diluted and applied to HPLC mono-S column (cation exchanger). The enzyme is again eiuted wfth a 
linear gradient such as 0.05 to 1 .0 M Nad in buffer A. The enzyme is about 50% pure at this stage. The enzyme 

10 may further be purified by precipitation of a contaminating lower molecular weight protein by repeated dialysis 
against buffer A supplemented wfth 50 mM NaCI. 

The apparent molecular weight of the DNA polymerase obtainable from T. litoralis is between about 90,000 
to 95,000 da! tons when compared wfth protein standards of known molecular weight such as phosphorytase 
B assigned a molecular weight of 97,400 daltons. It should be understood, however, that as a protein from an 

15 extreme thermophSe, T. IHoralis DNA polymerase may electrophorese at an aberrant relative molecular weight 
due to failure to completely denature or other instrtnslc properties. The exact molecular weight of the thermost- 
able enzyme of the present invention may be determined from the coding sequence of the T. IHoralis DNA 
polymerase gene. The molecular weight of the eiuted product may be determined by any technique, for 
example, by SDS-poIyacrylamide gel electrophoresis (SDS-PAGE) using protein molecular weight markers. 

20 Polymerase activity is preferably measured by the incorporation of rad ©actively labeled deoxynudeotides 
into DNAse-treated, or activated, DNA; following subsequent separation of the unincorporated decay nuc- 
leotides from the DNA substrate, polymerase activity is proportional to the amount of radioactivity in the add- 
insoluble fraction comprising the DNA. Lehman, I.R., et al. f J. Bigj. Chem. (1958) 233:163, the disdosure of 
which is Incorporated herein by reference. 

25 The half-life of the DNA polymerase of the present invention at 1 00°C is about 60 minutes. The thermal 
stability or half-life of the DNA polymerase is determined by preincu bating the enzyme at the temperature of 
interest in the presence of all assay components (buffer, MgCJ* deoxynudeotides, and activated DNA) except 
the single radioactively-labeled deoxynudeotkte. At predetermined time intervals, ranging from 4-180 minutes, 
small aliquots are removed, and assayed for polymerase activity using the method described above. 

30 The halWife at 100°C of the DNA polymerase can also be determined in the presence of stabilizers such 
as the nonionic detergent octoxynol, commonly known as TRITON X-100 (Rohm & teas Co.), or the protein 
bovine serum albumin (BSA). The non-ionic detergents pdyoxy ethyl ated (20) sorbitan monolaurate (Tween 20, 
ICJ Americas Inc.) and ethoxyiated alky! Phenol (nonyl) 0CONOL NP-40, BASF Wyandotte Corp.) can also be 
used. Stabilizers are used to prevent the small amount of enzyme added to the reaction mixture from adhering 

33 to the sides of the tube or from changing its structural conformation in some manner that decreases its enzyma- 
tic activity. The haft-life at 1 00°C of the DNA polymerase obtainable from T. Iterate in the presence of the stabi- 
lizer TRITON X-100 or BSA is about 95 minutes. 

The thermostable enzyme of this invention may also be produced by recombinant DNA techniques, as the 
gene encoding this enzyme has been doned from T. literal is genomic DNA. The complete coding sequence 

40 for the T. litoralis DNA polymerase can be derived from bacteriophage NEB 619 on an approximately 14 kb 
BamHI restriction fragment This phage was deposited with the American Type Culture Collection (ATCC) on 
Aprt 24, 1 990 and has Accession No. ATCC 40795. 

The production of a recombinant form of X. litoralis DNA polymerase generally includes the following steps: 
DNA is isolated which encodes the active form of the polymerase, either in its native form or as a fusion with 

45 other sequences which may or may not be deaved away from the native form of the polymerase and which 
may or may not effect polymerase activity. Next, the gene is operably linked to appropriate control sequences 
for expression in either prokaryotic or eukaryotic host/vector systems. The vector preferably encodes aD func- 
tions required for transformation and maintenance in a suitable host, and may encode selectable markers 
and/or control sequences for T. litoralis polymerase expression. Active recombinant thermostable polymerase 

60 can be produced by transformed host cultures either continuously or after induction of expression. Active ther- 
mostable polymerase can be recovered either from within host cells or from the culture media if the protein Is 
secreted through the ceO membrane. 

WhSe each of the above steps can be accomplished in a number of ways, it has been found in accordance 
with the present invention that for doning th DNA encoding T. litoralis DNA polymerase, expression of the 

55 polymerase from its own control sequences in EL coji results in instability of the polymerase gene, high fre- 
quency of mutation in the polymerase gene, slow cell growth, and some degree of cell mortality. 

WhO not wishing to be bound by theory, it is believed that this instability is due at least hi part to the pre- 
sence of an intron that splits the T. litoralis DNA polymerase gene. Introns are stretches of intervening DNA 
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which separate coding regions of a gen (the protein coding regions are called exons). Introns can contain non- 
sense sequences or can code for proteins. In order to make a functional protein, th intron must be spliced out 
oT the prenmRNA before translation of the mature mRNA into protein. Introns were originally identified in 
eukaryotes, but have been recently described In certain prokaryotes. See, Krainer and Maniatis (Transcription 
and Splicing (1988) B.D. Names and D.M. Glover, eds. IRL Press, Oxford and Washington, D.C. pp. 131-206). 
When a gene with an intron is transcribed into mRNA the Intron may setf-splice out to form a mature mRNA or 
cellular factors may be required to remove the intron from the pre-mRNA. Id. Bacterial introns often require 
genus specific co-factors for splicing. For example, a Bacilus intron may not be spliced out in E. ogp. jd. 

However, there Is some evidence that suggests that the intervening DNA sequence within the gene coding 
for the T. jftarajte DNA polymerase is transcribed and translated, and that the peptide produced therefrom Is 
spliced out at the protein level, not the mRNA level Therefore, regardless of where the splicing event occurs. 
In accordance with the present invention, in order to express T. jjtorajfe DNA polymerase jnE.coli.it is neces- 
sary to delete the T. iitoralis DNA polymerase intervening sequence prior to expression of the polymerase in 
an E. cdi system. Of course, the recombinant vector containing the T. Iitoralis DNA polymerase gene could be 
expressed in systems which possess the appropriate factors for splicing the intron, for example, a Thermocoo- 
am system. It is also believed that the T. Iftoralis gene may be expressed in a mammalian expression system 
which has the appropriate factors to splice such an intron. 

It is also preferable that]\ Iitoralis thermostable polymerase expression be tightly controlled in E. cdi during 
cloning and expression. Vectors useful In practicing the present invention should provide varying degrees of 
controlled expression of T. Iitoralis polymerase by providing some or an of the following control features: (1) 
promoters or sites of initiation of transcription, either directly adjacent to the start of the polymerase or as fusion 
proteins, (2) operators which could be used to turn gene expression on or off, (3) ribosome binding sites for 
Improved translation, and (4) transcription or translation termination sites for improved stability. Appropriate 
vectors used in cloning and expression of T. Iitoralis polymerase include, for example, phage and plasmlds. 
Example of phage include lambda gtil (Promega), lambda Dash (Stratagene) lambda Zapll (Stratagene). Exam- 
ples of plasmids include pBR322. pBluescript (Stratagene), pSP73 (Promega), pGW7 (ATCC No. 40166), 
pET3A (Rosenberg, etal. Gene, (1987) 56:125-1 35), and pET1 1 C (Methods in EnzvmoloQv f 1 990) 185:60-89). 

Transformation and Infection 



Standard protocols exist for transformation, phage infection and cell culture. Maniatis, et aU Molecular 
aoning: A Laboratory Manual (19821 Of the numerous E. cdi strains which can be used for plasmid transfor- 
mation, the preferred strains include JM101 (ATCC No. 33876), XL1 (Stratagene), and RRI (ATCC No. 31343), 
and BL21(DE3) plysS (Methods in Enzvmotogv (1 990) supra) . E. colj strain XL1 . ER1578 and ER1 458 (Raleigh, 
et aL, NA. Research (1988) 16:1563-1575) are among the strains that can be used for lambda phage, and 
Y1089 can be used for lambda gtil lysogeny. When preparing transient lysogens in Y1089 (Arasu, ^^Ex- 
perimental Parasitology (1987) 64:281-289), a culture is infected with lambda gtil recombinant phage either by 
a single large dose of phage or by co-culturing with a lytic host The infected Y1 089 cells are preferably grown 
at 37°C in the presence of the inducer IPTG resulting in buildup of recombinant protein within the lysis-defective 
hostf phage system. 

Construction of Genomic DNA Expression Library and Screening for Thermostable Polymerase 

The most common methods of screening for a gene of choice are (1) by hybridization to homologous genes 
from other organisms, (2) selection of activity by complementation of a host defect; (3) reactivity with specific 
antibodies, or (4) screening for enzyme activity. Antibody detection is preferred since it initially only requires 
expression of a portion of the enzyme, not the complete active enzyme. The instability of the T. Iitoralis polymer- 
ase gene in E. cdi would have made success by other methods more difficult 

T. litoraKs DNAcan be used to construct genomic libraries as either random fragments or restriction enzyme 
fragments. The latter approach is preferred. Preferably, Ego Rl partiais are prepared from T. Iitoralis genomic 
DNA using standard DNA restriction techniques such as described in Maniatis, et al., Molecular Cloning: A 
Laboratory Manual (1982), the disclosure of which is incorporated herein by reference. Other restriction 
enzymes such as BamHI, Nrul and Xbal can also be used. 

Although methods are availed to screen both plasmids and phage using antibodies (Young and Davis, 
PNAS. (1983) 80:1194-1198), In accordance with the present invention it has been found that phage systems 
tend to work better and are therefore preferred for th first libraries. Since it is uncertain whether T. titoreJia 
control regions function in E. cdi, Phage vectors which supply all necessary expression control regions such 
as lambda gtl 1 and lambda Zap II, are preferred. By cloning T. Iterate DNA into the Eoo Rl site of lambda 
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gt11, T. litoraiis polymerase may be expressed either as a fusion protein with beta-galactosidase or from its 
own endogenous promoter. 

Once formed, the expression libraries are screened with mouse anti- T. Iftoralte DNA polymerase antiserum 
using standard antibody plaque hybridization procedures such as those described by Y ung and Davis, PNAS 
5 (1983). supra 

The mouse anti-T. ntoralis DNA polymerase antiserum used to screen the expression libraries can be prep- 
ared using standard techniques, such as the techniques described in Harlow and Cane, Antibodies: A Laborat- 
ory Manual (1988) CSH Press, the disclosure of which is incorporated herein by reference. Since most sera 
react wfth E. cofi proteins, it is preferable that the T. fitoraiis polymerase antisera be preabsocbed by standard 
10 methods against E. cgfl proteins to reduce background reactivity when screening expression libraries. Phage 
reacting with anti-T. Iterate polymerase antiserum are picked and plaque purified. Young and Davis, PNAS 
(1983), supra. 

The T. fitoraiis DNA polymerase DNA, coding for part of the whole gene, can then be subdoned in, for 
example, pBR322, pBluescript, M13 or pUC19. if desired, the DNA sequence can be determined by, for 
15 example, the Sanger dideoxy chain-terminating method (Sanger, F.. Nidden, S. & Coulson, AJL PNAS (1977) 
74:5483-5487), 

Identification of DNA Encoding aid Expression of the T. IHoraiis DNA Polymerase. 

20 Several methods exist for determining that the DNA sequence coding for the T. Ptoralis DNA polymerase 
has been obtained. These include, for example, comparing the amino-terminal sequence of the protein pro- 
duced by the recombinant DNA to the native protein, or determining whether the recombinant DNA produces 
a protein which binds antibody specific for native T. IHoralis DNA polymerase. In addition, research by Wang, 
etal., FASEB Journal (1 989) 320 suggests that certain regions of DNA polymerase sequences are highly con- 

25 served among many species. As a result by comparing the predicted amino acid sequence of the cloned gene 
with the amino acid sequence of known DNA polymerases, such as human DNA polymerase and E. cojl phage 
T4 DNA polymerase, the identfficabon of these islands of homology provides strong evidence that the recom- 
binant DNA indeed encodes a DNA polymerase. 

Once identified, the DNA sequence coding for the T. Itoralis DNA polymerase, can be cloned into an 

30 appropriate expression vector such as a plasmid derived from EL coji, for example, pETSA, pBluescript or 
pUC19, the pJasmids derived from the BacBlus subtDis such as pUB110, pTP5 and pC194, plasmids derived 
from yeast such as pSH19 and pSH15, bacteriophage such as lambda phage, bacteria such as Aqrobacterium 
tumefactens. animal viruses such as retroviruses and insect viruses such as Baculovirus. 

As noted above, in accordance with the present invention, it has been found that DNA coding for T. Iterate 

35 DNA polymerase contains an 1614 bp intron or intervening sequence, spanning from nucleotides 1776 to 3389 
in Figure No. 6. Therefore, prior to overexpression in host cells such as E. coji, it is preferable to delete the 
DNA sequence coding for the intron. There are a number of approaches known In the art which can be used 
to delete DNA sequences and therefore splice out an intron jn-yjtro. One method involves identifying unique 
restriction enzyme sites in the cooing region which are near the splice junction or area to be deleted. A duplex 

40 oligomer is synthesized to bridge the gap between the 2 restriction fragments. A 3-part ligation consisting of 
the amino end restriction fragment the bridging oligo and the carboxy end restriction fragment yields an intact 
gene with the intron deleted. 

Another method is a modification of the above-described method. The majority of the intron is deleted by 
cutting with restriction enzymes with unique site within the intron, but close to the coding sequence border. The 

45 linear plasmid containing a deletion of the majority of the intron is ligated together. Single strand phage are 
generated from the pBluescript vector recombinant by superinfection with the fl helper phage IR1 . A single 
strand oligomer is synthesized with the desired final sequence and is annealed to the partially deleted intron 
phage DNA. The remainder of the intron is thus looped out By producing the original phage in E. coji strain 
CJ236 the Kunkel method of mutagenesis (Methods in Enzvmology 154:367 (1987)) can be used to select for 

so the fuD deleted intron contructs. 

Yet another method which can be used to delete the intron uses DNA amplification. See, for example, Mani- 
atis, et at, Molecular Gjonjhg: A Laboratory Manual. (1989) Vol. 2, 2nd edition, the disclosure of which is herein 
Incorporated by reference. Briefly, primers are generated to amplify and subsequently join the amino and car- 
boxyl halves of the gene. 

55 When an intron is deleted fn-vrtro. using th methods discussed above, th native splice junction may be 
unknon. Accordingly, one skttled in the art would predict that several possibi artificial splice junctions exist 
that would result in the production of an active enzyme. 

Once the intron is deleted, overexpression of the T. itoralis DNA polymerase can be achieved, for example. 
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by separating th T. [jtorajte DNA polymerase gene from Its endogenous contrd elements and then operably 
linking th polymerase gene to a very tightly controlled promote- such as a 17 expression vector. See. Rosen- 
berg, etal.. Gene (1987) 56:125-135, which Is hereby Incorporated by reference. Insertion of the strong pro- 
moter may be accomplished by Identifying convenient restriction targets near both ends of the T. [taajfe DNA 
polymerase gene and compatible restriction targets on the vector near the promoter, or generating restriction 
targets using site directed mutagenesis (Kunkel (1 984), supra) , and transferring the T. Iftorafis DNA polymerase 
gene Into ttie vector in such an orientation as to be under transcriptional and translation**! control of the strong 
promoter. 

T. jjtotajjs DNA polymerase may also be overexpressed by utilizing a strong rfbosome binding site placed 
upstream of the T. litorafis DNA polymerase gene to Increase expression of the gene. See. Shine and Dalgamo, 
Proa Natl. Acad. Sci. USA (19741 71:1342-1346, which is hereby incorporated by reference. 

The recombinant vector is introduced into the appropriate host using standard techniques for transfer- 
mation and phage infection. For example, the calcium chloride method, as described by Cohen, &N„ PNAS 
(1972) 682110 is used for E. coll, the disclosure of which is incorporated by reference. The transformation of 
Barflusis carried out according to the method of Chang, S., et al.. Molecular and General Genetics (1978) 
168:111, the disclosure of which is incorporated by reference. Transformation of yeast is carried out according 
to the method of Parent, et aL, Yeast (1 985) 1 :83-138, the disclosure of which is incorporated by reference. 
Certain plant cells can be transformed with Aqrobacterium tumefeciens. according to the method described by 
Shaw, OH., et al., Gene (1983) 23:315, the disclosure of which is incorporated by reference. Transformation 
of animal cells is carried out according to. for example, the method described in Virology (1973) 52:456, the 
disclosure of which is incorporated by reference. Transformation of insect cells with Bacuiovims is carried out 
according to, for example, the method described in Biotechnology (1988) 6:47, the disclosure of which is Incor- 
porated herein by reference. 

The transforms nts are cultivated, depending on the host ceO used, using standard techniques appropriate 
to such ceils. For example, for cultivating E. coli, cells are grown in LB media (Manlatfe, sugra) at 30*Cto42°C 
to mid log or stationary phase. 

The T. litorafis DNA polymerase can be isolated and purified from a culture of transformed host cells, for 
example, by either extraction from cultured ceDs or the culture solution. 

When the T. litoralis DNA polymerase is to be extracted from a cultured ceil, the cells are collected after 
cultivation by methods known in the art, for example, centriugation. Then, the collected cells are suspended 
in an appropriate buffer solution and disrupted by ultrasonic treatment, lysozyme and/orfreeze-thawing. A crude 
extract containing the T. litoralis DNA polymerase is obtained by centrifogation and/or filtration. 

When the T. litoralis DNA polymerase is secreted into the culture solution, La, alone or as a fusion protein 
with a secreted protein such as maltose binding protein, the supernatant is separated from the cells by methods 
known In the art 

The separation and purification of the T. litoralis DNA polymerase contained in the culture supernatant or 
the cell extract can be performed by the method described above, or by appropriate combinations of known 
separating and purifying methods. These methods include, for example, methods utilizing solubility such as 
salt precipitation and solvent precipitation, methods utilizing the difference in molecular weight such as dialysis, 
uttra-fatration, geWitration, and SDS-pdyacrytamide gel electrophoresis, methods utilizing a difference in elec- 
tric charge such as ion-exchange column chromatography, methods utilizing specific affinity such as affinity 
chromatography, methods utilizing a difference in hydrophobic^ such as reverse-phase high performance 
liquid chromatography and methods utilizing a difference in isoelectric point such as isoelectric focusing 

One preferred method for isolating and purfffcation of the recombinant enzyme Is accomplished using the 
multi-stage process as follows. 

First, the ceDs, if frozen are thawed, suspended in a suitable buffer such as Buffer A (1 00 mM Nad, 25 
mMTrispH 7.5, 0.1 mM EDTA, 10% glycerol, 0.05% Triton X-100), lysed and centrifuged. The clarified crude 
extract is then heated to 75°C for approximately 30 minutes. The denatured proteins are removed by centrifo- 
gation. The supernatant is then passed through a column that has high affinity for proteins that bind to nucleic 
adds such as Affigel Blue column (Blorad). The nucleic acids present in the supernatant solution and many of 
proteins pass through the column and are thereby removed by washing the column with several column 
volumes with low-salt buffer at pH of about 7.0. After washing, the enzyme is eluted with a linear gradient such 
as 0.1 M to 1 .5 M Nad Buffer A. The active fractions are pooled, dialyzed and applied to a phosphocellulose 
column. The column is washed and DNA polymerase activfty eluted with a linear gradient of 0.1 to 1.0 M Nad 
In Buffer B (100 M Nad, 15 mM KPO* 0.1 mM EDTA. 10% glycerol, 0.05% Triton X-100, pH 6.8). The tactions 
are collected and BSA is added to each fraction. The fractions wfth DNA polyermerase activity are pooled. Th 
T. jftgrajfe DNA polymerase obtained may be further purified using the standard product purification techniques 
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discussed above. 

Stabilization and Use of the T. jggrajjs DNA Polymerase. 

5 For long-term storage, the thermostable enzyme of the present Invention Is stored in the following buffer 
0.05 M Nad, 0.01 M KTO 4 (pH 7.4), 0.1 mM EDTA and 50% glycerol at -20°C 

The T. Itoralis DNA polymerase of the present invention may be used for any purpose In which such an 
enzyme is necessary or desirable. For example, in recombinant DNA technology including, secondhand 
cDNA synthesis in cDNA cloning, and DNA sequencing. See Maniatis, et al., supra. 

10 The J- Iterate DNA polymerase of the present invention may be modified chemically or genetically to Inac- 
tivate the 3'-5' exonudease function and used for any purpose in which such a modified enzyme is desirable, 
e.g., DNA sequencing. 

For example, genetically modified T. Itoralis DNA polymerase may be isolated by randomly mutagenbdng 
the T. Itoralis DNA polymerase gene and then screening for those mutants that have lost exonudease activity, 
15 without loss of polymerase activity. Alternatively, genetically modified T. ntoralis DNA polymerase Is preferably 
isolated using the site-directed mutagenesis technique described in Kunkel, JJK^ PNAS (1985) 82:48*492, 
the disclosure of which is herein incorporated by reference. 

In addftkm, the T. Itoralis DNA polymerase of the present invention may also be used to amplify DNA, e.g., 
by the procedure disdosed in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,800,159. 
20 The following examples are given to illustrate embodiments of the present Invention as it is presently pre- 
ferred to practice. Itwfl) be understood that the examples are illustrative, and that the invention is not to be 
considered as restricted except as indicated in the appended daims. 

EXAMPLE I 

25 

PURIFICATION OF A THERMOSTABLE DNA POLYMERASE FROM THERMOCOCCUS UTORAUS 

Thermoooccus Irtoralte strain NS-C (DSM No. 5473) was grown in the media described by BeDtin, et al. 
supra, containing 10 g/l of elemental sulfur in a 100 liter fermentor at its maximal sustainable temperature of 

30 approximately 80°C for two days. The cells were cooled to room temperature, separated from unused sulfur 
by decanting and collected by centrifugation and stored at -70°C. The yield of cells was 0.8 g per liter. 

183 g of cells obtained as described above, were suspended in 550 ml of buffer A (10 mM KP0 4 buffer, 
pH 7.4; 1.0 mM EDTA, 1.0 mM beta-mercaptoethanol) containing 0.1 M Nad and sonicated for 5 minutes at 
4°C. The lysate was centrifuged at 15,000 g for 30 minutes at4°C. The supernatant solution was passed through 

35 a 470 mi Affigel blue column (Biorad). The column was then washed with 1000 ml of buffer A containing 0.1 M 
Nad. The column was eiuted with a 2000 ml linear gradient from 0.1 to 2.0 M Nad in buffer A. The DNA 
polymerase eiuted as a single peak at approximately 1.3 M Nad and represented 80% of the activity applied. 
The peak activity of DNA polymerase (435 ml) was dialyzed against 4 liters of buffer A, and then applied to 80 
ml Phosphocefiulose column, equilibrated wfth buffer A containing 0.1 M Nad. The column was washed with 

40 160 ml of buffer A containing 0.1 M Nad, and the enzyme activity was eiuted with 1000 ml linear gradient of 
0.1 to 1.0 M Nad in buffer A. The activity eiuted as a single peak at 0.6 M Nad and represented 74% of the 
activity applied. The pooled activfty (1 50 ml) was dialyzed against 900 ml of buffer A and applied to a 42 ml 
DNA-ceUuJose column. The column was washed with 84 ml of buffer A containing 0.1 M Nad, and the enzyme 
activity eiuted with a linear gradient of buffer A from 0.1 to 1.0 M Nad. The DNA polymerase activity eiuted as 

45 a single peak at 0.3 M Nad , and represented 80% of the activity appl ied. The activity was pooled (93 ml). The 
pooled fractions were dialyzed against 2 liters of buffer A containing 0.05 M Nad and then applied to a 1.0 ml 
HPLC mono-Q column (Pharmacia). The DNA polymerase activity was eiuted with a 100 ml linear gradient of 
0.05 M to 1 .0 M Nad in buffer A. The DNA polymerase activity eiuted as a single peak at 0.1 M Nad and rep- 
resented 16% ofthe activity applied. The pooled fractions (3.0 ml) were dButed to 6 ml wfth buffer A and applied 

so to an 1.0 ml HPLC mono-S column (Pharmacia) and eiuted with a 100 ml linear gradient in buffer A from 0.05 
to 1.0 M Nad. The activity eiuted as a single peak at 0.19 M Nad and represented 75% of the activity applied. 

By SDS-polyacryiamide gel electrophoresis (SDS-PAGE) and subsequent staining of the proteins using a 
colloidal stain (ISS Probhie) more sensitive than Coomassie Blue (Neuhoff, et al., Electrophoresis (1 988) 9255- 
262), ft was determined that the DNA polymerase preparation was approximately 50% pure: two major bands 

55 were present, one at 90,000 to 95,000 daltons and a doublet at 18,000 daltons. Figure No. 1 A. A very minor 
band was evident at approximately 80,000 to 85,000 daltons. At this level of purification the polymerase had 
a specific activity of between 30,000 and 50,000 units of polymerase activity per mg of polymerase protein. On 
a separate SDS-polyacrylamtd gel verification of the identity of th stained band at 90,000 to 95,000 daltons 
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was obtained by cutting th gel Ian containing the purified T. litoraKs polymerase into 18 slices- Embedded 
proteins were eluted from th gel by crushing the gel slices in a buffer containing 0,1% SDS and 100 ugAml 
BSA. The eluted proteins were denatured by exposure to guanidine HCJ, then renatured via dOution of the 
denatuiantas described by Hager and Burgess Analytical Biochemistry (1980) 109:76-86. Polymerase activity 
s as measured by In c orpor a tion of radioactivity labeled *P-dCTP into acid-insoluble DNA (as previously des- 
erved) and assayed for exonuclease activity (as measured by the release of labelled DNA to an acid soluble 
form as described in Example V). As shown in Figure No. 1B f only the 90,000 to 95,000 daltons band alone 
showed either significant polymerase activity or exonuclease activity. 

The DNA polymerase preparation was diafyzed against buffer A containing 0.05 M NaCL As was deter- 
to mined by SDS-PAGE, much of the 18,000 da] ton protein precipitated out of the solution. The yield of T. Iterate 
DNA polymerase was determined to be 0.5 mg by quantitative protein analysis, and this represented 6£% of 
the total activity present in the starting crude extract 

Purified T. Iterate Polymerase was electrophoresed and stained with either Coomassie Blue or the colloidal 
stain (1SS Probfue) previously described to detect protein. One deeply staining protein band was seen at about 
is 90,000 to 95,000 daltons; this molecular weight determination was obtained by comparison on the same gel 
to the migration of the following marker proteins (Bethesda Research Laboratories): myosin, 200,000 daltons; 
phosphorylase B, 97,400 daltons; BSA, 68,000 daltons; ovalbumin, 43,000 daltons, carbonic anhyd rase 29,000 
daltons; Wactoglobulin, 18,400 daltons; lysoyzme 14,300 daltons. 

2D EXAMPLE II 

CLONING OF T. UTORAUS DNA POLYMERASE GENE 

A. PRODUCTION OF MOUSE ANTI-T. UTORAUS DNA POLYMERASE ANTISERUM 

25 

Immunteatton of Mice 

A 3 ml solution containing 0.4 mg of polymerase protein (obtained by the method of Example 9 was con- 
centrated at 4°C to approximately 0.3 ml and used to inoculate two mice. The purified T. Itoralis polymerase 

so preparation consisted of four bands of approximately 85-95, 75-85, and a doublet of 10-25 kDal on Coomassie 
blue stained SDS-PAGE gels. As shown in Example 1 , the T. Itoralis polymerase is approximately 90-95 kDal. 
Both T. Itoralis polymerase antisera recognize all four proteins present in the immunogen. 

The immunization schedule was as follows: mouse one was immunized intraperitioneally (IP) with 20 ug 
of T. literal is polymerase, prepared as above, in Freunds* complete adjuvant (FCA). Seven days later, both mice 

» were immunized IP with 50 ug T. Itoralis polymerase in FCA. Twenty-seven days later both mice were 
immunized IP with 30 ug T. Itoralis polymerase for mouse one and 50 ug T. I toralis polymerase for mouse two 
In Freunds' incomplete adjuvant Mouse one was bled two weeks later and mouse two was bled 20 days later. 
Sera was prepared from blood by standard methods (Harlow and Lane, Antibodies: A Laboratory Manual. 
1988). 

40 Anfr-T. itoralis Polymerase antisera was diluted in TBSTT (20 mM Tris pH 7.5, 1 50 mM Nad, 02% Tween 
20, and 0.05% Trton-X 100) containing 1% BSA, 0.1% NaAzide, 0,1% PMSF. 

Preabsorption of AntjjT Ifaralfe Polymerase Antiserum Against E. coli lysates 

45 Since most sera react with E. coli Proteins, T. Itoralis polymerase antisera were preabsorbed, using the 
folowing method, against E. coli proteins to reduce background reactivity when screening libraries or recom- 
binant antigens. E.ooli cell paste was thawed and lysed by sonication and soluble protein was bound to Affige! 
10 (Biorad) as described by the manufacturer. 4 ml of EL coli resin were washed two times in TBS (TBSTT wfth- 
out detergents). 0.35 ml of sera was diluted approximately 1 to 5 in TBSTT, 1% BSA, 0.1 % NaAzide and mixed 

so with resin overnight at 4°C The resin was pelleted by centrifugation and washed. The recovered preabsorbed 
sera was at a 1 to 17 diution and was stored frozen at -20°C until use. 

For screening, preabsorbed sera was diluted as above to a final concentration of 1200. 

B. IDENTIFICATION OF A PROBE FOR THET. Btorajjs POLYMERASE GENE 

55 ' ' — «■ ■ ■ 

Construction of a lambda gtij Expression Library 

A probe for the T. Itoralis polvmeras gene was obtained foOowing immunological screening of a lambda 
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gtll expression library. 

T. Iltoralis DNA was partiaJly digested as follows: lour |ig of T. Htoralis DNA was digested at 37°C with five 
units of Eco Rl in a 40 pJ reaction using Eco Rl buffer (Eco Rl buffer = 50 mM NaCl, 100 mM Tris pH 7.5, 20 
mM MgO^ 1 0 mM BME). Three pi of 1 00 mM EDTA was added to 1 5 pi samples at 30, 45 and 60 minutes. 2 
5 pg of T. Htoralis DNA was digested for 90 minutes at 37°C with 20 units of Eco Rl in 20 pi reaction using Eco 
Rl buffer and the reaction was stopped by adding 2 pJ of 100 mM EDTA. 0.2 pg of each digest was eJectrophor- 
esed on an agarose gel to monitor the extent of digestion. Approximately 3 pg of T. Htoralis DNA Eco Rl partials 
(1 4 pi from the 60-mfnute digest and 19 pi from the 90-minute digest) were pooled to torn the "Eco Rl poor 
and heated at 65°C for 15 minutes. 
10 0.5 pi of the Eco Rl pool were ligated to 028 pg of Eco Rlcut, bacterial aJfcaOne phosphatase treated lambda 
gill DNA In a five pi reaction using standard ligation buffer (ligation buffer ■ 66 mM Tris pH 7.5, 1 mM ATP, 1 
mM spermidine, 10 mM MgC12, 15 mM DTT, and 2 mg/ml gelatin) and 0.5 pi T4 DNA ligase (New England 
Biolabs Na 202). The ligation was performed at 16°C overnight 4 pi of this ligation reaction were packaged 
using dgapack Gold (Stratagene) according to the manufacturers instructions. After incubation at room tern- 
is perature for two hours, the packaged phage were diluted In 500 pi of SM (SM = 100 mM Nad, 8 mM MgSO* 
50 mM Tris pH 7.5, 0.01 % gelatin) plus three drops chloroform. The packaged Eco Rl library was called sample 
V6-1 and consisted of 1.1 x 10 s individual phage. ELcoH strain ER1578 was used for phage infection. 

Immunological Screening of Lambda gtll Expression Library 

20 

The initial phage library was screened (Young, RA and R.W. Davis Science, (1 983) 222:778-782) with a 
1 :200 dilution of the antiserum produced above. 36 phage (V1 0-22 through V1 0-55) which reacted with the anti- 
T. Htorajte DNA polymerase antiserum were picked and 16 phage were plaque purified. 

The 16 antibody positive phage were used to lysogenize E. poli K-12 strain Y1089. Lysogens were 
25 screened for thermostable DNA polymerase activity, no activity was detected. 

Western blots (TowWn, et al., PNAS. (1 979) 76:43504354) from these 1 6 lysates were probed with anttT. 
Htoralis Polymerase antiserum. All proteins from these lysates which reacted with T. I totalis polymerase antt- 
serum were smaller than T. IftoraBs polymerase, and were also smaller than beta-galactoskfase, indicating that 
none were fusion proteins with beta-galactosidase. 
30 Eight of the 16 antibody positive phage were used to affinity purity epitope-spetific antibodies from total 
antiserum (Beall and Mitchell. J. Immunological Methods. (1986) 86217-223). 

The eight affinity purified sera were used to probe Western blots of both purified T. Htoralis polymerase 
and T. Htoralis crude lysates. Antibody purified from NEB 618 plaques specifically reacted with T. Htoralis 
polymerase in purified and T. I totalis crude lysates. This was strong evidence that phage NEB 618 encodes 
35 approximately 38 kDal of the amino terminus of the T. Iltoralis polymerase. Bacteriophage NEB61 8 and depo- 
sited under ATCC Na 40794 on 24th April 1990. 

Characterization of Phage NEB 618 and Subdoning of Eco Rl Inserts 

40 Western blot analysis indicated that phage NEB 618 synthesized several peptides ranging in size from 
approximately 1 5-40 kDaJ which bound T. Htoralis polymerase antisera. DNA from phage NEB 618 was purified 
from liquid culture by standard procedures (Maniatis, et al., supra. ) Digestion of NEB 618 DNA with Eco Rl yiel- 
ded fragments of 1.3 and 1.7 kb. An Eco Rl digest of NEB 618 DNA was ligated to Eco Rl cut pBluescriptDNA. 
20 pg of pBluescriptSK* were digested with 40 units of Eco Rl in 40 pi Eco Rl buffer at 37°C for three hours, 

45 followed by 65° for 15 minutes. 10 pg of NEB 618 DNA were digested with 40 units of Eco Rl in 40 pi Eco Rl 
buffer at 37°C for 75 minutes, followed by 65°C for 15 minutes. 1.75 pg of Eco Rl cut NEB 618 DNA were ligated 
to 20 ng Eco Rl cut pBluescriptSK* with one pi T4 DNA ligase (New England Biolabs Na 202) In 10 pi ligation 
buffer. The ligation was performed overnight at 1 6°C. JM101 Cad competent cells (Maniatis, et al, supra) were 
transformed with 5 pi of the ligation mixture. Of 24 recombinants examined, aH but one contained the 1.7 kb 

so fragment; done V27-5.4 contained the 1 .3 kb T. Htoralis DNA fragment 

Antibodies from T. Htoralis polymerase mouse antisera were affinity purified, as described above, on lysates 
from V27-5.4 (encoding the 1.3 kb Eco Rl fragment) and V27-5.7 (encoding the 1.7 kb Eco Rl fragment in 
oBluescript) and reacted with Western blot strips containing either purified or crude T. Iftoralls polymerase. Anti- 
bodies selected on lysates of V27-5.4 reacted with T. Htoralis polymerase in berth crude and purified prepa- 

55 rations. In addition, th first three amino acids from the N-terminal protein sequence of native T. Htoralis 
polymerase (methionine^eucine-leucine) are the same as in th predicted pen reading frame (ORF) in the 
V27-5.4 done. 

From these results it was concluded that V27-5.4 encoded th amino terminal of T. Htoralis polymerase. 

11 
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The 1.3 kb Eco Rl fragment of V27-5.4 comprises nucleotides 1 to 1274 of Figure No. 6. The insert DNA 
was large enough to encode the biggest peptides synthesized by this clone, but not the entire T. Iitoralis 
polymerase. 

8 Cw CONSTRUCTION AND SCREENING OF T. iitoralis SECONDARY LIBRARIES 

Antibody screening d isc u ssed above, had identified the DNA fragment coding the amino terminal half of 
the T. Iitoralis polymerase. In orderto find a fragment large enough to code for the entire gene, restriction digests 
of T. iitoralis DNA were probed with the amino terminal half of the polymerase gene contained in clone V27-5.4. 

10 Restriction digests were performed in separate tubes using a master mix which contained 1.2 ug of T. Iitoralis 
DNA in 39 nl of restriction enzyme buffer (REB, restriction enzyme buffer = 50 mM Nad, 10 mM Tns pH 7.5, 
20 mM MgCt2, 10 mM BME), to which 1.5-200 U of enzyme were added as followed: 1,5 U Avril, 9 U Eael, 10 
U Nhel, 20 U Nod, 9 U Spel, 20 U Xhol, 30 U Xbal, 20 U Sad, 10 U BamHI, 20 U Clal, 20 U Hindlll, 20 U Psti, 
12UNael, 10UScal, 12 U Xmnl, 20 U EcoRV, 20 U Sal, 20 U Eco Rl, 200 U EagJ, 20 U Dral, 5 U Hapl, 8 U 

15 Nrul, 4 U SnaBI, 8 U Stul, 10 U Bdl, 8 U Bglll, 10 U Rsal, 10 U Haelil, 8 U AM. 4 U Hindi, 10 U Pvull, 6 U 
SspL One uJ 10 mg/mJ BSA was added to the Hindi digest Ball digest was prepared as above except there 
was 0 mM NaCl in the buffer. All d igests were ovem ight at 37°C except Bdl which was incubated at 50°C. Dig- 
ests were electrophoresed on agarose gels and transferred to NC (Southern, J. MoL Bid. (1975) 98:503-517). 
The mars were probed with radiolabeled V27-5.4 DNA and hybridization was detected by autoradiography, bi 

20 most digests, V27-5.4 DNA hybridized to fragments g reater than 20 kb , except BamHl (ap proximately 1 4 kb), 
Eco Rl (1.3 kb), Hindlll (approximately 2.4, 5 A kb), Xbal (approximately 8 kb), Ctal (approximately 4.4, 5.5 kb). 
Ball (approximately 8.5 kb), Hindi (approximately 2.1, approximately 2.4 kb), Nrul (approximately 5.5 kb), Bglll 
(approximately 2.9 kb), Haelil (approximately 1.3, approximately 1 .4 kb) and RsaJ which gave numerous small 
bands. 

25 Digests yielding single fragments large enough to encode the entire polymerase gene, estimated to be 2.4-3 
kb. based on the size of the native protein, were BamHl, Xbal, and Nrul. 

BamHl Library. 

so A BamHl genomic library was constructed using lambda Dashll. Lambda Dashll is a BamHl substitution 
vector that can be used to done 10-20 kb BamHl DNA fragments. 25-75 nanograms of T. Iitoralis genomic DNA 
digested with BamHl, as described above, was ligated to 0.5 ug BamHl digested, calf intestine phosphatase 
treated lambda Dashll DNA in five uJ of standard ligation buffer including 0.5 ul T4 DNA ligase (New England 
Btdabs No. 202). Three ul of the ligation reaction was packaged (Gigapack Plus, Sbatagene) as described 

35 above. Plaque lifts of 8,000 plaques from the lambda Dashll library were probed with labeled gel purified 1.3 
kb Eco Rl fragment from done V27^5.4 (Maniaus, etal., supra) . Z5% of the phage hybridized to the 1 3 kb Eco 
Rl DNA fragment, two of which were plaque purified (clones lambda NEB 619 and lambda V56-9). Both phage 
contained a 12-15 kb BamHl fragment which hybridized to the 1.3 kb Eco Rl fragment and contained the 
approximately 8 kb Xbal and approximately 5.5 kb Nrul fragments. The BamHl insert was subdoned into 

40 DBR322. Colonies containing this fragment grew very poorly and, based on the polymerase assay described 
above, failed to produce detectable levels of thermostable DNA polymerase. 

Xbal Library. 

45 T. Iitoralis DNA digested with Xbal was cloned into the Xbal site of pUC1 9. Cdony lifts were probed with 
radiolabeled V27-5.4 DNA. No positive dones were detected. 

The Xbal fragment from the BamHl insert in lambda NEB 619 (BamHl library above) was subdoned into 
theXbal site of pUC19. Approximately 0.3 ug of NEB 619 DNA digested with BamHl was ligated to 0. 1 ug pUC19 
DNA digested with BamHl using two uJ T4 DNA ligase (New England Bioiabs No. 20(2) in 20 ul of standard liga- 

oo ttan buffer. The ligation was incubated overnight at 16°C. Cad competent JM1 01 and XL-1 cells were trans- 
formed with five ui of ligation mix and incubated overnight at 37°C (Maniatis, et al., supra) . Cdony lifts were 
probed with radiolabeled purified 1.3 kb Eco Rl fragment from V27-5.4 DNA. No positives were detected. Com- 
petent RRI cells were transformed with 10 ul of ligation mix and incubated overnight at 30°a Micro-colonies 
were picked and mmi-ptesmkl preparations (boiling method, Maniacs, et aL supra) analyzed. Most of these 

58 dones contained the approximately 8 kb Xbal fragment Th rabonale for this latter experiment was that since 
the BamHl dones grew poorly, there would be an increased chance of isolating a plasmid containing the T. 
Iitoralis polymerase gene from an Xbal colony that ateo grew slowly. Also, lower temperature of incubation 
results hi less copies of pUC19 plasm Ws per ceU. These results provided evidence that the T. laoralts pdymer- 



12 



EP0455430 A2 



aseg ne was toxic to E. coli. Using the polymerase activity assay described above, no thermostable polymer- 
ase activity was detected in these clones. Restriction analysis indicated that the Xbal c! nes should contain 
th entire polymerase gene. See Figure No. 2. 

Nrul Libraries 

Approximately 0.3 ug of NEB 619 DNA (Bam HI library above) cut with Nrul was ligated to 0.1 ug of pUC19 
DNA cut with Hindi exactly as described for the Xbal library. Again, no positives were found.by hybridization 
when cells were Incubated at 37°C but when transformants were incubated at 30°C, many micro-colonies were 
observed. The majority of these micro-colonies contained the approxirnateiy 5.5 kb Nrul insert Using the 
polymerase activity assay described above, no thermostable polymerase activity was detected in these col- 
onies. Analysis of these colonies determined that when the direction ofT. Irtorafis polymerase transcription was 
the same as lacZ in pUC19, the colonies faBed to grow at 37°C and were extremely unstable. However, colonies 
in which the Direction of T. Qtpraljg polymerase transcription was opposite of lacZ in pUC19, such as in done 
Nru21, were more stable. This Indicated that transcription of T. (Horalis polymerase Is detrimental to E. cdi, 
and may explain why it was so difficult to clone the entire gene. Restriction mapping analysis Indicated that the 
Nrul clones should contain the entire polymerase gene. See Figure No. 2. 

Conclusions Concerning Direct Cloning of the Polymerase 

The T. moral is Is approximately 90-95 kDal which would require approximately Z4-3.0 kb DNA to encode 
the entire gene. Restriction mapping analysis of the 1.3 kb Eco RJ fragment, coding for the amlno-terminus of 
the T. Iftoralis polymerase gene, found within the BamHI, Xbal and Nrul clones, discussed above, indicates 
that all three clones contain the entire polymerase gene. AD of these larger clones were unstable In E. cdl. 
Therefore, alternate methods, as discussed below, for cloning the polymerase were tested. 

D. CLONING THE SECOND HALF OF T. Irtorafis POLYMERASE GENE 

It is believed that when the entire T. Iftoralis polymerase gene was cloned in E. col i while under its endogen- 
ous control, mutations in the gene arose. To prevent selection of inactive mutants, the polymerase gene was 
cloned from the T. litoralis genome in 2 or more pieces which should each separably be inactive and therefore 
not selected against Restriction mapping of the T. litoralis genome was used to determine which restriction 
enzymes would produce fragments that would be appropriate for cloning the second half of the T. litoralis 
polymerase gene. Although the above data indicates mat expression of T. litoralis polymerase was toxic for E. 
coll. it was also possible that DNA sequences themselves, in or outside of the coding region, were toxic. There- 
fore, the minimum sized fragment which could encode the entire gene was determined to be the best choice. 
Restriction analysis indicated that there was an approximately 1.6 kb Eco RI fragment adjacent to the 3' end 
of the amino terminal 1 .3 kb Eco RJ fragment (see Figure No. 2) which could possibly complete the polymerase 
gene. 

Hybridization probe for the second half of the TJitoralis DNA polymerase gene 

Since none of the previous clones expressed thermostable polymerase activity, ft was possible that they 
had accumulated mutations in the coding sequence and would therefore not be suitable sources of the second 
half of the gene. Hybridization probes were therefore required In order to done the downstream fragments from 
the genome. The approximately 3.2 kb Ndel/Clal fragment from clone Nru21 (the Nru21 clone contains an 
approximately 5.5 kb insert, beginning approximately 300 bp upstream from the start of the polymerase gene) 
was subdoned into pSP73 (Promega) creating done NCU. CaGI competent RRI cells were transformed, as 
above, with the ligation mixture, Miitf-plasmid preps of transformants were analyzed by digestion with Ndel and 
Clal and clone NCII containing the T. litoralis ZJZ kb Ndel/Clal fragment was identified. This clone was stable 
in E. colL The pNC11 insert was sequenced (Sanger, et al., PNAS. (1977) 74:5463-5467). The Clal end was 
identical to the V27-5.4 sequence (1.3 kb Eco RI fragment coding for the amlno-terminus of the T. litoralis 
polymerase). The 1.3 kb Eco RI junction and beyond was sequenced using primers derived torn the 1.3 kb 
Eco RI fragment sequence. The Ndel end was sequenced from primers within th vector. 

Screening of Eco RI Genomic Libraries 

10 ug of NC11 were digested with 30 U of Eco RI In 100 ul of Eco RI buffer at 37°C for two hours. The 
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approximately 1.6 kb Eco Rl fragment was purified on DE-81 paper (Whatman) after electrophoresis. The 
approximately 1 .6 kb Eco Rl fragment was radiolabeled and used to probe th original Eco Rl lambda gtfl library. 
Infection and plaqu lifts were performed as above. Three positives were identified and plaque purified. Ail con- 
tain the approximately 1 .6 kb Eco Rl fragment, but some also contain other inserts. 

An Eco Rl library was also constructed in lambda Zapli. 2 jxg of T. jjtorajjs DNA were digested with 20 U 
Eco RJ for five hours at 37°C in 20 nJ Eco Rl buffer and then heat treated at 65°C for 15 minutes. Approximately 
15 nanograms of T. Htoralis DNA/Eco Rl was ligated to 0.5 pg of Eco Rl cut phosphatased lambda Zapll DNA 
(Stratagene) with 0.5 pi T4 DNA Ogase (New England BioJabs Na 202) in 5 pi of ligation buffer at 16°C overnight 
4 pi of Rgated DNA was packaged (GJgaPack Gold, Stratagene). Infection and plaque lifts were performed as 
above. Appro ximate ly 1,500 phage were probed with radiolabeled approximately 1.6 kb Eco Rl fragment as 
above. Rve hybridization positive plaques were picked and three were plaque purified. Two phage (NEB 620 
and V109-2) were rescued as pBIuescript recombinants (V1 17-1 and V1 17-2) by in vivo exdsion according to 
the manufacturer's instructions (Stratagene). Both contained the approximately 1.6 kb Eco Rl fragment plus 
different second fragments. The 5' end was sequenced and corresponds to the sequence determined from 
NC1 1 (Clal/Ndel fragment). See Figure Na 2. This Eco Rl fragment contains 3/6 of the T4 DNA polymerase 
family homology islands as described by Wang, et ah, supra. The 1 .6 kb Eco Rl fragment comprises nucleotides 
1 269 to 2856 of Figure No. 6. 

The sequence ofthe 1.6 kb Eco Rl and Ciai/Ndel fragments indicated that the 1.9 kb Eco Rl fragment may 
be necessary to complete the polymerase gene. Lambda Zapll phage, V110-1 through V110-7, containing the 
1.9 kb Eco Rl fragment were identified as descrfeed above for NEB 620 using labeled probes. Two phage (V1 1 0- 
2 and V110-4) were rescued as pBIuescript recombinants (V153-2 and V15&4) by in vivo excision according 
to the manufacturers instructions (Stratagene). Both contained the approximately 1.9 kb Eco Rl fragment plus 
different second fragments. The 1.9 kb Eco Rl fragment had sequence identity with the overlapping region in 
Nc11. The 1.9 kb Eco Rl fragment comprises nucleotides 2851 to 4771 of Figure No. 6. 

The entire T. Htoralis polymerase gene has been cloned as BamHl, Xbal and Nrul fragments which were 
unstable and from which the active enzyme was not detected. The gene has also been cloned in four pieces 
(1.3 kb Eco Rl fragment, approximately 1 .6 kb Eco Rl fragment, approximately 1.9 kb Eco Rl fragment and an 
Eco RI/BamHI fragment containing the stop codon). The 1.3 kb Eco Rl fragment stably expresses the amino 
terminal portion ofthe polymerase. 

Bacteriophage NEB620 was deposited under ATCC No. 40796 on 24th April 1990. 

EXAMPLE Dl 

CLONING OF ACTIVE T. UTORAUS DNA POLYMERASE 

The T. Iterate polymerase gene found on the 14 kb BamHl restriction fragment of bacteriophage NEB619 
(ATCC Na 40795), was sequenced using the method of Sanger, et aL, PNAS (1977) 74:5463-5467. 5837 bp 
of continuous DNA sequence (SEQ ID NO:1) was determined beginning from the 5* end of the 1.3 kb EcoRI 
fragment (position NT 1), see Figure No. 6. 

From analysis of the DNA sequence, ft was determined that the polymerase gene begins at NT 291 in the 
1.3 kb EcoRI fragment A translation termination site beginning at NT 5397 was also located. Since the apparent 
molecular weight of T. litoralis polymerase was approximately 90-95 Kdal, it was predicted that the gene should 
be -2900 bp. Instead, a 51 06 bp open reading frame (ORF) was identified with a coding capacity of 1702 amino 
acids (aa) or -185 Kdal. 

By sequence homology with other DNA polymerases, an example of which is set out In Figure Na 7, it 
was discovered that the T. litoralis polymerase gene was Interrupted by an intron or intervening sequence in 
DNA polymerase consensus homology region III (Wang, T.. etaL, FASEB Journal (1989) 3:14-21 the disclosure 
of which fe herein incorporated by reference). The conserved amino acids ofthe consensus DNA polymerase 
homology region III are shown in Figure Na 7. In the Figure, the conserved amino acids are underlined. As 
can be seen in Figure No. 7, the left side of the T. litoralis homology island Ul (SEQ ID N02) begins at NT 
1737, and homology to the consensus sequence is lost after the Asn and Ser residues. The right side ofthe 
T. tftoralis homology island III (SEQ ID NO:3) can be picked up at NT 3384, at the Asn and Ser residues. When 
the two T. litoralis polymerase amino acid sequences were positioned so that the Asn and Ser residues overlap, 
as in Figure No. 7, it was evident that a good match to the DNA polymerase homology region 10 existed. 

Using the homology data, ft was therefore predicted that an intervening sequence existed fn the T. litoralis 
DNA separating the left and right halves of the DNA polymerase homology region III. 

In ne preferred embodiment, the intervening sequence was deleted by identifying unique restriction 
enzyme sites in the coding region which were near the Intervening sequence splice junction. A synthetic duplex 
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oligonucleotide was synthesized, and used to bridge the gap between the two restriction fragments. A multi-part 
sequential ligation of the carboxy nd restriction fragm nts, the bridging oligonucleotide, the amino nd res- 
triction fragment, and the expression vector, resulted In the formation of an expression vector containing an 
Intact polymerase gen with the intervening sequence deleted. 

Specifically, the DNA fragments or sequences used to construct the expression vector of the present inven- 
tion containing the T. Iterate DNA polymerase gene with the Intervening sequence deleted were as follows: 

1 . An Ndel site was created by oligonucleotide directed mutagenesis (Kunkel, et al M Methods in Enzymot- 
ogy (1987) 154:367:382) In plasmld V27-5.4 (Example II, Part B) such that the initiation codon of the 
polymerase coding region Is contained within the Ndel site. 

Original sequence . . . ttt ATG . . . 

(nucleotides 288-293) 

New sequence . . . CAT ATG . . . 

Sequences from the newly created Ndel site to the Clal site (approximately 528 base pairs) were utOized 
in the construction of the expression vector. 

2. An approximately 899 bp sequence between the Clal and Pvul site of NC11 (Example II, Part D). 

3. A synthetic duplex which spans the intervening sequence, connecting Pvul and Bsu36l sites derived 
from other fragments, as set out in Figure No. 12. 

in Figure No. 12, the first line indicates the original sequence at the 5* end of the splice junction (nucleotides 
1721-1784, SEQ ID NO:1), the second line indicates the original sequence of the 3' end of the splice junction 
(nucleotides 3375-3415, SEQ ID NO:1), and the third and fourth lines indicate the sequence of the synthetic 
duplex oligonucleotide. 

4. A Bsu361 to BamHI fragment, approximately 2500 base pairs, derived from bacteriophage NEB 619 
(Example II, Part C). 

5. A BamHI to Ndel fragment of approximately 6200 base pairs representing the vector backbone, derived 
from pET11c (Studier, Methods In Enzymotogy, (1990) 185.-66-89), and which Includes: 

a) The T7 phi 10 promoter and ribosome binding site for the gene 10 protein 

b) AmpicOlin resistance gene 

c) lad* gene 

d) Plasmld origin of replication 

e) A four-fold repeat of the ribosomal transcription terminators (rmb), Simons, et al., Gene (1987) 
53:85-96. 

The above DNA fragments, 1-5, were sequentially ligated under appropriate conditions using T4 DNA lig- 
ase. The correct construct was identified by restriction analysis and named pPR969. See Rgure No. 8. pPR969 
was used to transform E. coli strain RR1, creating a strain designated NEB 687. A sample of NEB 687 was depo- 
sited with the American Type Culture Collection on December 7, 1 990 and bears ATCC No. 68487. 

In another preferred embodiment, the T. HtoraJte polymerase gene, with the intervening sequence deleted, 
was cloned into a derivative of the Studier T7 RNA polymerase expression vector pET11c (Studier, (1990) 
supra) . The recombinant plasmld V174-1B1 was used to transform E. ooli strain BL21(DE3)pLysS, creating 
strain 175-1B1, designated NEB671. See Rgure Nos. 5 and 10. 

A sample of NEB671 was deposited with the American Type Culture Collection on October 17, 1990 and 
bears ATCC No. 68447. 

A comparison between the predicted and observed molecular weights of the polymerase, even with the 
intervening sequence deleted, revealed a discrepancy. The predicted molecular weight of the polymerase after 
removal of the intervening sequence in region III is 132-kb, whOe the observed molecular weight of either the 
native (see Example I) or recombinant (see Example IV) polymerase Is 95-kb. While not wishing to be bound 
by theory, it is believed that the molecular weight discrepancy is due to an intron between homology regions I 
and ID. This finding Is based on the following observations: The distance between homology regions III and I 
varies from 15-135 amnio acids in members of the po! alpha family (Wang, (1989) supra). In T. moral is there 
are 407 amino acids or ~44-kD separating these regions. T. Rtoralis DNA polymerase is very simflar to human 
pol alpha except for 360 amin adds between conserved homology regions I and III where no simflarlHy exists. 

In addition, as determined by PAGE, a thermostable endonudease of approximately 35-kD is also pro- 
duced by the T. {totalis DNA polymerase dones of th present invention (see Example X). This endonudease 
was purified to homogen ity by standard ion exchange chromatography, and was sequenced at Its amlno-ter- 
minal. The first 30 amino acid ofth endonudease correspond to the amin adds encoded beginning at nuo- 
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toa&de 3534 of the polymerase clone (SEQ ID NO:1). This corresponds to th portion of the polymerase which 
lacks homology with other known polymerases. This endonudease does not react with anti-T. [jtorajjs DNA 
polymerase antfaera. While th exact mechanism by which the ndonuciease is spliced out of the polymerise 
is unknown, it occurs spontaneously in both E. coll and T. litoraiis. 

EXAMPLE IV 

PURIFICATION OF RECOMBINANT T- UTORAUS DNA POLYMERASE 

E. opji NEB671 (ATCC No. 68447) was grown in a 100literfermerrtorinmedia containing 10g/litertryptone, 
5 g/Oter yeast extract, 5 g/Ifter NaCi and 100 mg/Iiter ampicQlin at 35°C and induced with 0.3 mM IPTG at 
midexponential growth phase and incubated an additional 4 hours. The cells were harvested by centrtfugation 
and stored at -70°C 

580 grams of cells were thawed and suspended in Buffer A (1 00 mM NaCt, 25 mM KP0 4 at pH 7.0, 0.1 
mM EDTA, 0.05% Trtton X-1 00 and 1 0% glycerol) to a total vdumeof2400 ml. The ceils wmrysed by passage 
through a Gaulin homogenizes The crude extract was clarified by centrtfugation. The clarified crude extract 
volume was adjusted to 2200 mis with the above buffer arnJ was heated to 75^ for 30 minuter 
material was removed by centrtfugation and the remaining supernatant contained about 3120 mg of soluble 
protein. 

The supernatant was applied to a DEAE-sepharose column (5X13cm; 255 ml bed volume) linked in series 
to a phosphoceDulose column (5 X 11 cm; 216 ml bed volume). The DEAE-sepharose flow-through fraction, 
containing the bulk of the enzyme, passed immediately onto the phosphoceflutose column. Both columns were 
washed with 300 mis Buffer A, the two columns were disconnected, and the protein on the phosphocelluiose 
column was edited with a 2 liter linear gradient of NaCI from 0.1 M to 1 M formed in Buffer A. 

The column fractions were assayed for DNA polymerase activity. Briefly, 1-4 nl of tactions were incubated 
for 5-10 minutes at 75°C in 50 pi of 1X T. litoraiis DNA polymerase buffer (10 mM KCI, 20 mMTrfe-HCI (ph 8.8 
at 24°C), 1 0 mM (NH^O* 2 mM MgS0 4 and 0,1% Triton X-1 00) containing 30 pM each dNTP and 3 H-labeled 
TTP, 0.2 mg/ml activated calf thymus DNA and 100 pg/iml acetyiated BSA. The mixtures were applied to What- 
man 3 mm filters and the filters were subjected to three washes of 1 0% TCA followed by two washes of cold 
ethanof. After drying of the filters, bound radioactivity representing incorporation of 3 H-TTP into the DNA was 
measured The active fractions were pooled and the enzyme activity levels in each pool were assessed using 
the above assay conditions except the dNTP level was raised to 200 pM each dNTP. Under these conditions 
one unft of enzyme activity was defined as the amount of enzyme thatwQi incorporate 10 rtmofes of dNTP into 
ackMnsoiuble material at 75°C in 30 minutes. 

The active fractions comprising a 300 ml volume containing 66 mg protein, were applied to a hydroxylapatite 
column (2.5X5 cm; 25 ml bed volume) equilibrated with Buffer B (400 mM Nad, 1 0 mM KPO A at pH 7.0. 0.1 
mM EDTA, 0.05% Triton X-1 00 and 1 0% glycerol). The protein was efuted with a 250 ml linear gradient of KP0 4 
from 1 0 mM to 500 mM formed In Buffer B. The active fractions, comprising a 59 ml volume containing 27 mg 
protein, was pooled and dialyzed against Buffer C (200 mM Nad, 10 mM Tris-HCI at pH 7J5, 0.1 mM EDTA, 
0.05% Triton X-1 00 and 10% glycerol). 

The diaiysate was applied to a heparin-sepharose column (1 .4 X 4 cm; 6 ml bed volume) and washed with 
20 mi Buffer C. A 100 ml linear gradient of Nad from 200 mM to 700 mM formed in Buffer C was applied to 
the column. The active fractions, comprising a 40 ml volume containing 16 mg protein was pooled and dialyzed 
against Buffer C. 

The diaiysate was applied to an Affi-gel Blue chromatography column (1.4 X 4 cm; 6 ml bed volume), 
washed with 20 mis Buffer C, and the protein was eluted with a g5 mi linear gradient from 0.2 M to 2 M NaCI 
formed In Buffer C. The active fractions, comprising a 30 ml vdume containing 11 mg of protein, was dialyzed 
against a storage buffer containing 200 mM KCI, 10 mM Tris-HCI (pH 7.4), 1 mM DTT. 0.1 mM EDTA, 0.1% 
Trton X-1 00, 100 pg/rnl BSA and 50% glycerol. 

The I. litoraiis DNA polymerase obtained above had a specie activity of 20,00040,000 units/mg. 

Characterization of recombinant T. litoraiis polymerase 

Recombinant and native T. litoraiis polymerase had th same apparent molecular weight when electrophor- 
eses in 5- 10% SDS-PAGE gradient gels. Recombinant J. litoraiis polymerase maintains the heat stability of 
the native enzyme. Recombinant T. litoraiis polymerase has the same 3* — >5' axonudease activity as native 
T. Itodfe polymerase, which is also sensitive to inhibition by dNTPs. 
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EXAMPLE V 

OVER-EXPRESSION OF THE THERMOCOCCUS UTQRALIS DNA POLYMERASE GENE 

The T. litoralls DNA polymerase gene, with the intron deleted, e.g. t V1 74-1 B1 obtained in Example III, may 
be used in a number of approaches, or combinations thereof, to obtain maximum expression of the cloned T. 
litoralis DNA polymerase. 

One such approach comprises separating the T. jtorate DNA polymerase gene from its endogenous con- 
trol elements and then operabfy linking the polymerase gene to a very tightly controlled promoter such as a T7 
expression vector (Rosenberg, etaL, Gene (1 987) 56:125-135). Insertion of the strong promoter may be accom- 
plished by identifying convenient restriction targets near both ends of the T. literal is DNA polymerase gene and 
compatible restriction targets on the vector near the promoter, or generating restriction targets using site direc- 
ted mutagenesis (Kunkel, (1984), supra) , and transferring the T. literal is DNA polymerase gene into the vector 
in such an orientation as to be under transcriptional and translations! control of the strong promoter. 

T. litoralis DNA polymerase may also beoverexpressed by utilizing a strong ribosome binding site placed 
upstream of the T. litaralis DNA polymerase gene to increase expression of the gene. See. Shine and DaJgamo, 
Proa Nafl. Acad. Set USA (1974) 71:1342-1346. which is hereby incorporated by reference. 

Another approach for increasing expression of the T. literal is DNA polymerase gene comprises altering the 
DNA sequence of the gene by site directed mutagenesis or resyn thesis to contain initiation codons that are 
more efficiently utilized than E. coil. 

Finally, T. litoralis DNA polymerase may be more stable in eukaryote systems like yeast and Baculovirus. 

The T. litoralls DNA polymerase may be produced from clones carrying the T. litoralis DNA polymerase 
gene by propagation in a fermentor in a rich medium containing appropriate antibiotics. Cells are thereafter har- 
vested by centrifugation and disrupted by sonication to produce a crude cell extract containing the J. litoralis 
DNA polymerase activity. 

The crude extract containing the T. litoralis DNA polymerase activity is purified by the method described 
in Example I, or by standard product purification techniques such as affinity^romatography, or ton-exchange 
chromatography. 

EXAMPLE VI 

PRODUCTION OF A T. LITORALIS DNA POLYERMASE 3' TO 5*EXONUCLEASE MUTANT 

A T. gitgrajte DNA polymerase lacking 3* to 5* exonucJease activity was constructed using site-directed 
mutagenesis to alter the codons for asp141 and glu143 to code for alanine. Site-directed mutagenesis has been 
used to create DNA polymerase variants which are reported to have reduced exonucJease activity, including 
phi29 (CeJI (1989) 59219-228 ) DNA polymerase I (Science (1988) 240:199-201) and T7 DNA polymerases 
(US. Patent Na 4,942,130). 

Site-directed mutagenesis of the polymerase of the present invention was accomplished using a modifi- 
cation of the technique descrtoed by Kunkel, TJL, PNAS (1985) 82:48*492, the disclosure of which Is herein 
incorporated by reference. The V27-5.4 plasmid (see Example 2, Part B) was used to construct the site-directed 
mutants. V27-5.4 encodes the 1.3 kb EcoRI fragment in pBluescript SK+. E gojj strain CJ236 (Kunkel, et al. t 
Methods in Enzvmotoqy (1987) 154:367-382), a strain that incorporates deoxyuracB in place of deoxythymidine, 
containing the V27-5.4 plasmid was superinfected with the fl helper phage IR1 (Virology. (1 982) 122222-226) 
to produce single stranded versions of the plasmid. 

Briefly, the site-directed mutants were constructed using the following approach. First, a mutant oligonuc- 
leotide primer, 35 bases in length, was synthesized using standard procedures. The oligonucleotide was hyb- 
ridized to the single-stranded template. After hybridization the oligonucleotide was extended using T4 DNA 
polymerase. The resulting double-stranded DNA was converted to a closed circular dsDNA by treatment with 
T4 DNA ligase. Rasmids containing the sought after mutations were identified by virtue of the creation of a 
Pvul site overlapping the changed bases, as set out below. One such plasmid was identified and named pAJGZ 

The original and revised sequences lor amino acid residues are 141, 142, and 143: 
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. . asp ile glu 
Original: • • GAT ATT fiAA 



• • ala ile ala 
Altered: • • GCG ATC GCA 



The newly created Pvul site, used to screen for the alteration, is underlined. Note that the middle codon was 

10 changed but that the amino acid encoded by this new codon is the same as the previous one. 

An approximately 120 bp aal to Ned fragment from V174-1 B1 (see Example III) was replaced by the cor- 
responding fragment bearing the above substitutions from pAJG2, creating pCAS4 (see Figure No. 9). pGAS4 
thus differs from V174-1 B1 by 4 base pairs, namely those described above. 

EL cdi BL21 (DE3)pfysS (Methods in Enzvmology. (1990) 185:60-89) was transformed with pCAS4, creafr- 

16 mg strain NEB681. Expression of the mutant T. litoralte polymerase was induced by addition of IPT6. 

AsampleofNEB681 has been deposited with the American Type Culture Collection on November 8, 1990, 
and bears ATCC No. 68473. 

Relative exonudease activities in the native T. Iftoralis DNA polymerase and the exonudease minus variant 
isolated from E. cdi NEB681 was determined using a uniformly PH] labeled E. ^i DNA substrate. Wild type 

20 T. fjtgrejjs DNA pdyermase was from a highly purified lot currently sold by New England Biolabs, Inc. The 
exonudease minus variant was partially purified through DEAE sepharaose and phosphoceDulose columns to 
remove contaminants which interfered with the exonudease assays. The indicated number of unfts of pdyer- 
mase were added to a 0.1 mi reaction containing T. Iftoralis DNA polymerase buffer [20 mM Tris-Hd (pH8.8 at 
25°C), 10 mM KCI, 10 mM (NhUfcSO* 5 mM MgSO* 0,1% Triton X-100J, 0.1 mg/mJ bovine serum albumin, 

25 and 3 pg/ml DNA substrate (specific activity 200,000 cpumfog) and the reaction was overlaid with mineral on 
to prevent evaporation of the reaction. Identical reactions contained in addition 20 jiM dNTP, previously shown 
to inhibit the exonudease activity of the wild type enzyme. The complete reaction mixture was incubated at 
70°C for 60 minutes, following which 0.08 ml was removed and mixed with 0.02 mi 0.5 mg/mf sonicated herring 
sperm DNA (to aid in predpitation of intact DNA) and 0.2 ml of 10% trichloroacetic acid at 4°C. After mixing, 

30 the reaction was incubated on ice for 5 minutes, and the DNA then pelleted at 4°C for 5 minutes in an Eppendorf 
centrifuge. 0.25 mi of supernatant was mixed with scintillation fluid and counted. The results of the sample 
counting, corrected for background, are shown in Figure No. 11. 

As illustrated in Figure No. 1 1 , the exonudease minus variant was substantially free of exonudease activity 
in the presence or absence of dNTPs under conditions where the native pdymerase dearly demonstrated 

95 exonudease activity. Conservatively estimating that a level of activity two-fold above background could have 
been detected, this implies that the exonudease activity is decreased at least 60-fold in this variant 

EXAMPLE VII 



40 T. LfTORALiS DNA POLYMERASE HALF-LIFE DETERMINATION 

The thermostability or half-life of the T. litoralis DNA polymerase purified as described above in Example 
1 was determined by the following method. Purified T. litoralis DNA polymerase (25 units) was preincubated 
at 100°C in the following buffer 70 mM tris-HO (pH &8 at 25°C). 17 mM ammonium sulfate, 7 mM MgCfe, 1 0 

45 mM beta-mercaptoethanol, 200 jiM each deoxynudeotide and 200 pgfrnl DNAse-treated DNA An initial sample 
was taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was removed at 10, 20 t 40, 
60, 90, 120, 150, and 180 minutes. The polymerase activity was measured by determining incorporation of 
deoxynudeotide into DNA as described previously. 

A sample of Taq DNA polymerase obtained from New England Biolabs was subjected to the above assay. 

so An initial sample was taken at time zero and a small aliquot equivalent to 5% of the enzyme mixture was 
removed at 4, 7, and 1 0 minutes. As shown in the Figure No. 3, the half-Gfe of the T. rrtoralis DNA pdymerase 
at 100°C was 60 minutes, while the half-life of the Taq polymerase at 100°C was 4.5 minutes. 

As shown in Figure No. 3, the half-life ofT. Iftoralis DNA polymerase at 100°C in th absence of stabilizers 
was 60 minutes, whie In the presence of the stebfltzers TRITON X-100 (0.15%) or BSA (100pg/ml) th haHMffe 

59 was 95 minutes. This was in stark contrast to the half-Gfe of Taq DNA pdymerases at 100°C, which in the pre- 
sence or absence of stabilizers was 4.5 minutes (Figure No. 3). 
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EXAMPLE VIII 

DETERMINATION OF 3'-5' PROOFREADING ACTIVITY 

1 . Response of T- jjtorajjg DNA Polymerase to the Absence or Presence of Deoxynudeotides. 

The levels of exonudease activities associated with polymerases show very different responses to 
deoxynudeotides. Nonproofreadlng 5'-3' exortucleases are stimulated tenfold or greater by concomitant polym- 
erization afforded by the presence of deaxynudeotkJes, whfle proofreading 3'-5' exonucieases are inhibited 
completely by concomaant polymerization. Lehman, I.R. ARB (1967) 36:645. 

The T. Iftorajte DNA polymerase or polymerases with well-characterized exonudease functions (T4 
Polymerase, Wenow fragment) were incubated wfth 1 jig 3H-thymidine-labeled double-stranded DNA (10 s 
CPM/jig) In polymerization buffer (70 mM trfs (pH 8.8 at 24°C) f 2 mM MgCI* 0.1 % Triton and 1 00 pgftni bovine 
serum albumin). After an incubation period of three hours (experiment 1) or four hours (experiment 2) at either 
70°C (thermophilic polymerases) or 37°C (mesophiic polymerases), the exonudease4iydrolyzed bases were 
quantified by measuring the acid-soluble radioactively-labeled bases. 

As shown in Table 1, the Taq DNA polymerase, with its 5'-3' exonudease actfvfty, shows Emulation of 
exonudease activity when deoxynudeotides were present at 30 uM. However, polymerases wfth 3'-& proof- 
reading exonudease activities, such as the T4 polymerase, Klenow fragment of E. cd[ polymerase 1 , or the 
T. IttoraRs DNA polymerase showed the reverse, an inhibitory response to the presence of deoxynudeotides. 
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The similarity of responses to the presence or absence of deoxynudeotides of the T. jtogfo DNA polymer- 
ase and the well-characterized Wenow fragment of the E. coll DNA polymerase is further shown in Hgure N . 
4. Twenty units of either polymerase was incubated with 9 ug 3 H-tftymfdine4abeled double-stranded DNA (1 0 5 
CPM/ug) in 350 uJ polymerization buffer as described above In the presence, or absence of, 30 uM deoxynuc- 
ieotides. At each time point, 50 uJ was removed and the level of acfd-soluble redioactively-labeJed bases were 
measured. As Figure No. 4 documents, the behavior of T. IftoraJis DNA polymerase and the Wenow fragment 
of E. coll DNA polymerase, which contains a weH-charactBrized 3*-5' proofreading exonudease activity, are 
very slmflar. 

2. Response of T. Iterate DNA Polymerase to increasing Deoxynudeotide Concentrations. 

Exonudease activities of polymerases are affected by the level of deoxynudeotides present during polym- 
erization, in as much as these levels affect polymerization. As deoxynudeotide levels are increased towards 
the Km (Michael is constant) of the enzyme, the rate of polymerization is increased. For exonudease functions 
of polymerases sensitive to the rate of polymerization, changes in exonudease activity are parallel with 
increases in deoxynudeotide concentrations. The increase in polymerization rate drastically decreases proof- 
reading 3'-5' exonudease activity with a concomitant increase in pdymerization-dependent 5*-3' exonudease 
activity. 

The exonudease function of the T. litoralis DNA polymerase was compared to those of well-characterized 
exonudease functions of other polymerases as the deoxynudeotide concentration was increased from 10 uM 
to 1 00 uM. The exonudease activity was measured as described in (1 ) with an incubation period of 30 minutes. 
As summarized in Table 2, the T. litoralis DNA polymerase responded to increases in deoxynudeotide levels 
similarly to a polymerase known to possess a 3'-5* proofreading exonudease (Wenow fragment of E. ooH DNA 
Pol. I). This response was in contradiction to that of a polymerase known not to possess this proofreading func- 
tion, Taq DNA polymerase. This polymerase responded to an increase In deoxynudeotide levels with an 
increase in exonudease function due to fts 5*-3' exonudease activity. 

3. Response of T. litoralis DNA Polymerase to Alteration from a Balanced Deoxynudeotide State to an 
Unbalanced State. 

Polymerization is dependent on equal levels of all four deoxynudeotides present during DNA synthesis. If 
the deoxynudeotide levels are not equal, polymerases have decreased polymerization rates and are more likely 
to insert incorrect bases. Such conditions greatly increase proofreading 3'-5' exonudease activities whBe dec- 
reasing 5*-3' exonudease activities. Lehman, IJt, ARB (1967) 36.-645. 

The T. litoralis DNA polymerase was incubated with both balanced deoxynudeotide levels (30 uM) and 
two levels of imbalance characterized by dCTP present at 
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1/1 0 or 1/1 00 the level of the other three deoxy nucleotides. The response of the T. litorafis DNA polymerase 
was then compared to that of three polymerases possessing fther the or the 5*-3' exonuclease functions. 
All assays were performed as described in (1) except for dCTP concentrations listed below. As seen In Table 
3 below, th T. Htaraiis DNA polymerase follows the expected behavior for a proofreading 3'~& exonuclease- 
5 containing polymerase; an imbalance in deoxynudeotlde pools increased the exonuclease activity In a similar 
manner as that of the proofreading polymerases of T4 DNA polymerase or Wenow fragment of E. coil DNA 
polymerase I. In contrast to this response, the exonuclease of the Taq DNA polymerase was not affected untS 
the imbalance was heightened to the point that polymerization was inhibited. 

10 4. Directionality of Exonuclease Acovfty 

A proofreading exonuclease has a 3'-& directionality on DNA while nonproofreading exonuclease 
associated with DNA polymerases have a 5'-3' directionality. To discern the direction of the exonuclease activity 
of T. iterate DNA polymerase, the & blocked DNA of adenovirus was utilized. Since the 5* end of this DNA is 
15 blocked by protein, enzymic activities that are 5'-3' in directionality cannot digest this double-stranded DNA; 
however, enzymic activities that are 3'-&, such as exonuclease III or proofreading exonud ease-containing 
polymerases, can digest adenovirus DNA. 

Twenty-five units of exonuclease III or 20 units of either T. litoraiis DNA polymerase, T4 DNA polymerase 
(possessing a well characterized exonuclease 
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activity), orTaq DMA polymerase (lacking such an activity) were incubated with 5 ug adenovirus DIMA for time 
periods up to 30 minutes duration at either 37°C (T 4 polymerase and exonudease III) or 70°C (Taq polymerase 
and T. itoral Is polymerase) in the presence of 70 mM tris-HCI pH 8.8 at 25°C 2 mM MgCfe and 100 ng/rrd BSA. 
At the end of each incubation time period, enzymic activity was stopped by phenol extraction of the adenovirus 
5 DNA, followed by Hpal digestion for one hour at 37°C in 20 mM tris, pH 7.9 at 25°C V 1 0 mM Magnesium acetate 
50 mM potassium acetate and 1 mM DTT. The DNA fragments were subjected to agarose gel electrophoresis 
and the resulting pattern of time-dependent degradation and subsequent loss of double-stranded DNA frag- 
ments were assessed. 

The 3'-5' exonudease activities of exonudease M, of T. KtoraKg DNA polymerase and T4 DNA polymerase 
10 caused the disappearance of the double-strand DNA fragments originating from the 5' blocked end of the 
adenovirus DNA, indicating vulnerability of its 3' end. In contrast, the Taq DNA polymerase with its 5*-3' 
polymerization-dependent exonudease activity, showed no disappearance of the DNA fragment 

EXAMPLE IX 

15 

PERFORMANCE OF T- Iftoralis DNA POLYMERASE IN THE PGR PROCESS 

The ability of the T. Iftoralis DNA polymerase to perform the polymerase chain reaction (PCR) was also 
examined. In 100 ul volumes containing the buffer described in Example IV, varying amounts of M13mp18 DNA 

20 cut by Gal digestion, generating 2 fragments of 4355 bp and 2895 bp, were incubated with 200 ng of calf thymus 
DNA present as carrier DNA to decrease any nonspecffic adsorption effects. The forward and reverse primers 
were present at 1 uM (forward primer = 5*d{CCAGGAAG GCCQATAGTTTGAGTT)3' and the reverse primer = 
& d(CGCCAGGGTTTTCCCAGTCACGAC)30. These primers flank alkb DNA sequence on the 4355 bp frag- 
ment described above, with the sequence representing 14% of the total M13mp18 DNA. Also present were 200 

25 uMeachdNTP, 100 ug/ml BSA, 10% DMSO and 2.5 units of either T. aguaticus DNA polymerase (in the pre- 
sence or absence of 0.5% NP40 and 0.05% Tween 20), or T. jjtorajte DNA polymerase (in the presence or abs- 
ence of 0.10% Triton X-100). The initial cycle consisted of 5 min at 95°C, 5 min at 50°C (during which 
polymerase and BSA additions were made) and 5 min at 70°C. The segments of each subsequent PCR cycle 
were the following: 1 min at 93°C, 1 min at 50 °C and 5 min at 70°C. After 0,13,23 and 40 cycles, 20 ul amounts 

30 of 1 00 ul volumes were removed and subjected to agarose gel electrophoresis with ethWium bromide present 
to quantitate the amplification of the 1 kb DNA sequence. 

Initial experiments with this target DNA sequence present at 28 ng and 2.8 ng established the ability of the 
T. literal is DNA polymerase to catalyze the polymerase chain reaction; yields were comparable or not more 
than twofold greater than the seen with T. aquaticus DNA polymerase. 

35 However, ft was at the lower levels of target DNAsequence, Z8femtograms, that differences in polymerase 
function were most apparent Under these conditions requiring maximal polymerase stability and/or efficiency 
at elongation of DNA during each cyde,the T. Iftoralis DNA polymerase produced greater than fourfold more 
amplified DNA than that of T. aquaticus DNA polymerase within 23 cycles. 

This ability to amplify very small amounts of DNA wfth fewer cycles is important for many applications of 

40 PCR since employing large cycle numbers for amplification is associated with the generation of undesirable 
artifacts during the PCR process. 

EXAMPLE X 

45 PURIFICATION OF RECOMBINANT T. UTORAUS INTROKHENCODED ENDONUCLEASE 

E. cdi NEB671 (ATCC No. 68447), grown as described in Example IV, were thawed (70 grams) and sus- 
pended in Buffer A containing 200 ug of lysozyme per ml to a final volume of 300 ml. The mixture was incubated 
at 37°C for 2 minutes and then 75°C for 30 minutes. The heated mixture was centrifuged at 22,000 x g for 30 

so minutes and the supernatant was collected far further purification of the thermostable endonudease. Since ail 
of the nucleases from E. cgjiwere inactivated by the heat treatment, the preparation at this stage could be used 
for characterization of the intron-encoded endonudease. To separate this enzyme from the recombinant T. 
ntaralls DNA polymerase also present in the 75°C supernatant solution, the solution was passed through a 
DEAE-sepharose column (5 cm x 5 cm, 100 rrd bed volume) and washed with 200 ml of Buffer A. Essentially 

55 all of th DNA polymerase activity passes through the column whQe the endonudease activity sticks. The 
endonudease activity was eluted with a one liter linear gradient of NaCI from 0.1 M to 0.8 M formed in Buffer 
A. The endonudease activity eluted at about 0.4 M NaCI, and was assayed in a buffer containing 10 mM KCt, 
20 mM Tris-HCI (pH 8.8 at 24°C), 10 mM (NhW^SO* 10 mM MgSO* 0.1% Triton X-100 and 1 ug of pBR322 
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DNA per 0.05 ml of reaction mixture. The reaction mixture was incubated at 75°C and the extent of ONA cleav- 
age was determined by agarose gel efectrophorese. At lower temperatures little or no endonudease activity 
was detected. The tubes containing th peak activity were poded, dialyzed overnight against Buffer A and then 
applied to phosphoceDulose column (2.5 cm x 6.5 cm, 32 ml bed volume), washed with Buffer A and the 

5 endonudease activity eiuted with a linear gradient ofNaCI from 0.1 M to 1.5 M formed in Buffer A. The enzyme 
eluted at about 0.8 M Nad Active fractions were pooled and dialyzed overnight against Buffer A ami then pas- 
sed through a HPLC Mono-S column (Pharmacia) and eiuted with a linear gradient of NaCI from 0.05 M to 1.0 
M. The activity eiuted as a single peak and was homogeneous by SDS-PAGE: a single 33-37 kd band was 
detected by Commasie blue staining and when this band was eiuted from the gel and renatured it contained 

10 the only endonudease activity detected on the geJ. 

The enzyme has preferred cutting sites on various DNAs. There are several fast cutting sites on lambda 
DNA and many slow sites. On the plasmid pBR322 the enzyme cuts three sites rapidly and a few other sites 
slowfy on prolonged incubation. Two of the rapid sites on pBR322 have been sequenced: 

15 

Site at position 164: 

5' TTGGTTATGCCGGTAC V TGCCGGCCTCTT 3' 
20 3' AACCAATACGGC^CATGACGGCCGGAGAA 5 > 

Site at position 2411: 

25 

5' TTGAGTGAGCTGATAC^OGCTCGCCGCAG 3' 
3' AACTCACTCGAC A TATGGCGAGCGGCGTC 5' 

30 

Thus, the endonudease from T. iitoralis resembles other intron-encoded endonud eases reported from 
yeast in that their is a four base 3' extension at the cut site. 

The thermostable endonudease of the present invention can be used in genetic manipulation techniques 
where such activity is desired. 

35 

Claims 

1. A purified thermostable enzyme obtainable from Thenmococcus iitoralis which catalyzes the polymerization 
40 of DNA. 

2. The thermostable enzyme of daim 1 , having a molecular weight of about 90,000 to 95,000 daltons. 

3. The thermostable enzyme of daim 1, having a 3'-5* exonudease activity. 

45 

4> The thermostable enzyme of claim 3, wherein the exonudease activity is inactivated. 
5. The thermostable enzyme of claim 4 t wherein said enzyme is obtainable from EL coH NEB 681. 
bo 6L The thermostable enzyme of daim 1 , having a haff life of about 60 minutes at 1 00°C in the absence of a 



7. The thermostable enzyme of claim 1, having a half life of about 95 minutes at 100°C in the presence of a 
stablizer. 

6. The thermostable enzyme of daim 7, wherein said stablizer is a nonfonic-deterg nt 

9. Thethermostabl enzyme of daim 8, wherein said nonioniodetergent is selected from the group consisting 
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of octoxynd, polyoxyethylated sorbitan monolaurate and ethoxylated nony) ph not. 

10. Th thermostable enzyme of daim 7, wherein said stabQizer is a protein. 

s 11. The thermostable enzyme of daim 10, wherein said protein is selected from the group consisting of Bovine 
Serum Albumin and gelatin. 

1Z An isolated DNA sequence coding for the amino-terminaJ portion of a thermostable enzyme obtainable from 
Thermococcus litoralis. 

io 

13. The isolated DNA sequence of claim 12, wherein the Isolated DNA sequence Is about 1.3 kb in length. 

14, The Isolated DNA sequence of daim 13, wherein the isolated DNA comprises nudeotides 1 to 1274 of Fig- 
ure No. 6. 

15 

15L A vector containing the isolated DNA sequence of daim 13. 

1a The vector of daim 1 5, wherein such vector is bacteriophage NEB 618. 

20 17. An isolated DNA sequence coding for the intermediate portion of a thermostable enzyme obtainable from 
Thermococcus lijorajis. 

18. The isolated DNA sequence of daim 17, wherein the isolated DNA sequence Is about 1.6 kb in length. 

25 19. The isolated DNA sequence of daim 18, wherein the isolated DNA comprises nudeotides 1269 to 2856 
of Figure No. 6. 

20. A vector containing the isolated DNA sequence of daim 19. 

30 21. The vector of claim 20, wherein such vector Is bacteriophage NEB 620. 

22, An isolated DNA sequence coding for the carboxyWerminaJ of a thermostable enzyme obtainable from 
Thermococcus literal is. 

35 23. The Isolated DNA sequence of daim 22, wherein the isolated DNA is about 1.9 kb in length. 

24. The isolated DNA sequence of daim 23, wherein the isolated DNA comprises nudeotides 2851 to 4771 
of Figure No. 6. 

40 25. A vector containing the isolated DNA sequence of daim 23. 

26. The vector of daim 25, wherein such vector is plasmid V153-2. 

27. A vector comprising the isolated DNA sequence of daim 13 operably linked in the proper reading frame 
45 with the isolated DNA sequence of daim 1 7 to produce Thermococcus jjtorate DNA polymerase or a portion 

thereof. 

2& The vector of daim 27, further comprising the isdated DNA sequence of daim 23 operably linked In the 
proper reading frame to produce Thermococcus litorajis DNA pdymerase or a portion thereof. 

so 

29. An isdated DNA sequence which codes for the thermostable enzyme of daim 1. 

3a A vector containing the DNA sequence of claim 29. 

55 31. a mtcroDtai nost transrarmea oy tne vector or ciatm ou. 

32. An isdated DNA sequence according to claim 29 contained within an approximately 14 kb BamHI restriction 
fragment of bacteriophage NEB 619. 
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33. The isolated DIMA sequ nee of claim 29, comprising the DNA sequence of Figure No. 6. 

34. The isolated DNA sequ nee of claim 33, wherein nucleotides 1776 to 3389 have been deleted. 

5 35. An isolated DNA sequence according to claim 29, comprising an approximately 4 kb BamHI/Nde! restriction 
fragment of plasmid pPR969. 

36. A vector containing the DNA of claim 33. 

10 37. A vector containing the DNA of claim 34. 

38. The vector of claim 37, wherein said vector is plasmid V174-1B1. 

39. The vector of claim 37, wherein said vector is plasmid pPR969. 

15 

40. A microbial host transformed with the vector of claim 38 or claim 39. 

41. The transformant of claim 40, wherein said transfoimant feELooli NEB 671 (ATCC 68447). 
20 42. The transformant of claim 40, wherein said transformant is E. coN NEB687 (ATCC 68487). 

43. A process for the preparation of Thermococcus Iftoralis DNA polymerase comprising cuituring the trans- 
formed microbial host of any of the claims 40, 41 , or 42 undo* conditions suitable for the expression ofTher- 
moooccus litoraiis DNA polymerase and recovering Thermococcus Iftoralis DNA polymerase. 

25 

44. Thermococcus litoraiis DNA polymerase produced by the process of claim 43. 

45. A method for producing Thermococcus litoraiis DNA polymerase comprising the steps of 

(a) purifying total DNA from Thermococcus litoraiis: 
30 (b) isolating DNA from the total DNA of step (a) which codes for the DNA polymerase; 

(c) removing an intervening DNA from said isolated DNA of step (b); 

(d) ligating the DNA of step (c) into an appropriate vector; 

(e) transforming a host with the vector of step (d); 

(0 cultivating the transformed host of step (e) under conditions suitable for expression of the T. 
35 litoraiis DNA polymerase; 

(g) recovering the Thermococcus litoraiis DNA polymerase. 

46. The method of claim 45, wherein the isolated DNA comprises the DNA of Figure No. 6. 

40 47. The method of claim 44, wherein the intervening DNA is removed via a splice junction, said splice junction 
spanning from about nucleotides 1761-1775 and 3384-3392 of Figure No. 6, whereby a concensus region 
corresponding to concensus region III of Figure No. 8 is formed. 

48. The method of claim 47, wherein the intervening DNA comprises nucleotides 1776 to 3389 of Rgure No. a 

45 

49. A thermostable endonudease obtainable from Thermococcus litoraiis which cleaves double-stranded 
deoxynudeotide add pBR322 at position 164 and position 2411. 

50. The thermostable endonudease of daim 49, having a molecular weight of about 33,00037,000 daltons. 

BO 

51. The isolated DNA of daim 33, which further codes for the thermostable endonudease of claim 49. 

52. The isolated DNA of daim 51 , wherein the coding sequ nee for the endonudease starts at nudeotide 3534. 

es 53. The vector of daim 30, wherein such vector is bacteriophage NEB619 (ATCC 40795). 

54. A microbial host transformed with the vector pCAS4, wherein said transformant is EColi NEB681 (ATCC 
68473). 
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Fig. 1A. SDS-Polyacrylamide Gel of Purified 
T. litoralis DNA Polymerase 
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Lane 1: Molecular weight markers 

Lane 2: Purified T. litoralis DNA Polymerase 
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SIZE DETERMINATION OF T.lltorolis DNA POLYMERASE 

FUNCTIONS 



FIG. IB 
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MINUTES AT IOO°C 



THERMAL STABILITIES OF DNA POLYMERASES 



FIG.3 
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DNA POLYMERASE S:(#) KLENOW FRAGMENT OF E.coli 

(A) T. litorolis 
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RESPONSE OF DNA POLYMERASES TO THE PRESENCE OR 
ABSENSE OF DEOXYNUCLEOTIDES 
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GHMCTOQOGA raaftMCTKT TTTCPTOCSDC aSEXIIIGKk XTK3WABC GDB8GC3!DG3k 60 

axaaaocTc roxxxamc tctgtoctto ooqctmcoc TcnxaaMc tctctocma 120 

GCaTCTTTTO MXSftaMCTC ACX3CroC!ICT MCTGGgTCA GDVEMCTOC EMl\M3L u l\M 180 

TGMflGOTFA TTCTOTM3A CMCXCTKtG MTTTOG3OT T3GKPOQ0QG TTTaBAMTT 240 

TOi^MftftCT TTEKITEAKP TTGMCTOCA GCISSEEKSCSP Q9R3GQ9EEIT MX3KERCTC3C3 N 300 

ACaCTGKPER GMBftCBAZA G3VK3QCMGC CTKE&ATOCG JIBEETSXSSIZyS 360 

QSGROTT17VA MTftGMCTT GftUXflCAUT TKMOOCTA TATATO1X3CT CTTOXC2UAG 420 

A3X31CTO0QC TMCEGRGG3U3 M3VAAGQCBA TAAMGQOGA G3SGZVCATCGA AAMCTQIG3V 480 

G3WOTGCTOGA TOCROTGRAA OTCattSWVA 3U MttCTBQOg AAGGG5WVSTT GaftOTCTGGA 540 

MCTCMTPT OGaQG K TOO C CMGaOCTTC aVSCTKTOOG G9GCBAAKEA ASCSfflCKEC 600 

CMCTGTOOT TCAC&rx'XflC C2&GOGFEKT GPCHXAG&G& 660 

MGGCCT6M T00CKFQG3VS GSUG&OSAGG AGCTXMOCT OCTTGCTTIT CTIKITG»SA 720 

03TITZRIC3V TGRGQGAGAT GMTITGCSA AQGOOGftGAX aMfcWGOTT AGTTBTGOOG 780 

MGMGAMA GQCXaGROTA MCftCKTOGA AAAKraTOGA CTEQOOaM GTOGKTGTTG 840 

TOICCAKIX3V MS^AATS AXAMGOGXT TTCTTCAftCT TCTTRMGaA AMCTCOOOS 900 

MCTGKCRM MCTmAA!F GQGSACMflT TTCMTPGOC OTKTCTCKTA MACGGGCftG 960 

BMMCTOGG MHOBQCXr GGCTCAMGA ACMOOOGRA COCWVG3OTC 1020 

AGMGMX3GG TGRTftOTTTT GCTSTOGBaA TCAAQGOTAG AMDCACTTT GftTCTTTTOC 1080 

FIG.6-1 
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cbottotoog MOGaasmv moctoocaa oscamascr tcbxcrctt taictmcm 1140 

TTmOGMA MCCAftAAGC ManftfiGERG C3W3aGG3VaKP TGCXBCX&X& TGQCSVMCftG 1200 

CMflMBCEfr QQQCSGCTCT TGCS3IG8GCA 2VCX333VTCAGC 1260 

TOQQGMU3G& MTC5PKX30C ATOGaaGCTC ASCTOQCMA GCTG3m«3T CJ^MGTGTM 1 1320 

GGX3I0SECXC GM30C»AGC MOGOCMOC TO3TGG2VSTG miUim ASSSEGGCSET 1380 

A0GOGMGAA TGS^CTTGCA OOSttCaraC CTX5EK3VQGA M3W3TOTaftA OGXXX3CTEA& 1440 

GMCaaCTTA CCTOQG3V3GA TKPGTAAMG MCCRGAAAA MGTTTOTOG GRRAATATCA 1500 

TTTM1TOGA TITOOQC3VOT CTCTACOCTT WOKKmSS TRCTCBCMC GEMXXXX3VG 1560 

ATftuuurxviA MA&GBGGGC T913UU3UKEF AOGSKDSCIGC GG3VTAIAGGT 1620 

TCTOCMGGA CTTTOCXSGGC nWTOOCT (XM3VCT09G GGSVCTEAMT GC3V2VIGAGGC 1680 

GAAGAAMTC AMTOCACRA TTGBOOOGAT OGAAMCTAA ATOCTCG3VTT 1740 

M3V9GCAAM GCX33OT3«A TTQCTTQCAA ACWXaTCTT MOCMCGAG TGGTTACCAA 1800 

13UVrTGAAAA AAATTQQOGA GTTTAIAAAC I860 

MAAACAGBA GGBAMCGTT AAMCMTM AGAAIBCTC3V AGTTCTOCaA CTMACAAOC 1920 

TTTEXXXFE GECKEBC2AC MMAMVTCA AAGAAMTCA AGTCAAARAA GICKKN3CCC 1980 

7CKBAGAC3V TCRGISXAAA OQSAMOCXT ATCNSATFCA GCT1MCTCT GCTAGAAAAA 2040 

TTAACAIAAC TQCTGGCCAT AGTCTCTTTA CASnSVGH&A TOGMaMTA MGGWVOTTT 2100 

CTQG3WSKTQG GKXAZTOUS&A GGTCTOCTTA TTCTBGCZVOC AMGRAMTT AAACTCMTC 2160 

MAMGQQOT MGCKERMC MTOOOGROT TRAIICTCAGA TCTTTOOGftG GWVS3\MCTC 2220 

GOG3WCMTCT GMGAOGKTT TCAGOCMGG GC&S&AAG3UV CTTCTTTAAA GQVMX3CTGA 2280 



FIG.6-2 
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FIG.6-3 
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TCAOGAIAAG 
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4440 


XiTXVXflCroS 




4500 


GGATAGQCPT 


TOTAATOGAG AGAAAGCAG3V JUSBGBCXTTT AAATCAGOGA 


4560 


GGG33UN&M8 




4620 
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Asanaocaaa c&aosrnxz GTTrarcaca ttgmgeoga *gn3£xxee asgttcpitc 46ao 

CBAftCMCST CXaSGSBBCaC MTRCTG3VOG (XTTTTATOC CftGAAIftOOC GGGGBMftGC 4740 

C3X3AftCPC3Vr GOCBZySGUVT TOCXAA&CTA C2VXAMCTOC MftCTTOC&G 4800 

GKCSSCTKR GCTDSBGEKP Ga GSGCTTIT MTTGaOTGG MTCTTTCTT ACAAAAMGC 4860 

GcraiGcaCT caaramrcaa qvqggcmsga TaacAACaaG goqcttogba geagtmgga 4920 

GAGMTCGftG TCMaTftOCT A2V9G3UGSACTC JU33CAMGGT TTTRG3V3QCT MMTIWfflG 4980 

TCMAMGCT CTBGAMTTG TTAGAGATCT 5040 

AC3VGGGTT0C AGTTG3A1AG C3TGTTAT0C TRCCRGQGAT TEAMGGACT 5100 

AcaAaocxar TOGoaCTcar gkxxxke&g caaraaracr tocogcaasv ggcttarmg 5i60 

TCAMOOQQG CACAATAAXA TTCTCAAAGG GBGOGG&MG MMGOGKEA 5220 

GQSI3VMTET MTTACTGaA TZ^OGATCXJEA GaAMCRCAA G12VDG3VEQOG 5280 

TMMMOCA MTTTTOOOG GCftKERCTTA GGRTRCTOCa. ASOCTTTOG& TACAGAAMG 5340 

MGRTTTMG GTMTCMMC TCAAAACAAA OC3QQCTTMA T0C3VTOGCTC MCTGCTMC 5400 

TCTgTTGCTT TTTWOTOCAA CTTTCTO OgC GftCTCTCTCT MXSCICXXT TG03OTCTQC 5460 

TASCTGOTTT TCMTOCTA TOAMIMTC OQCXM7U30C MMCECTTC CM3TOCAAA 5520 

CTIGBSCTCT TXOCaGlCTC TOGOCTCMA TTCACTOCKP GT1TTTGGAT CXnXXXTXCT 5580 

CXXgCTTCPg CraAOCTCT CXSVMCTTTP TCTTGOOGAA GMSraraCAG CTMX3VTCAT 5640 

TMCTCTTOC TCXGG3HAOG CMCTTTAAA OGXCDGMXT TCKEGI2U3AG MCTCBCTCC 5700 

OTCGMTKEA ACXGOCTTGT ACTTCTraRG TM3TCTTTT ACCTTTCGG3V TOQTTAMTT 5760 

TQOCaOQQCA TTSKXXXaA GCTOCTSOCT MGOX3EMOT5 CTCftCTCTQT TCKERCXTTTC 5820 

GGGBgPICTT GGSKEOC 5837 
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FIG. 10 



ASSAYS OF A VENT POLYMERASE VARIANT WHICH 
LACKS 3* TO 5' EXONUCLEASE ACTIVITY 




POLYMERASE UNITS ADDED 

FIG. II 
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